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iv Preface 
In  recent years, the growing demand for fishery products, coupled with declining yields 
from capture fisheries, has stimulated inland fish culture. In Thailand, the most commonly 
cultured fish species are tilapia, carps,  snakehead and catfish. Among these, the culture of 
catfish (Clarias batrachus) has been quite popular because of its  short culture cycle and high 
rate of return. 
However, during 1974-76  there was a dramatic fall in the number of farms and pond 
area due to the incidence of disease affecting catfish and the rising price of inputs, especially 
trashfish which is commonly used as  feed.  Rising production costs,  as  well as  high mortality 
rates, have resulted in losses to catfish farmers. This decline affected not only the producers 
but had also a pronounced effect on the consumer as,  by 1977, catfish prices began to rise 
sharply. 
Theoretically, the increase in price caused by the excess demand should have induced a 
rise in production and a corresponding increase in supply. However, the recovery of the 
catfish farming industry has not been proceeding at the rate one would have expected, given 
the high and rising fish prices. Under these circumstances, an economic study of catfish 
production was  undertaken by the Department of Agricultural Economics of Kasetsart 
University, with the support of ICLARM, to investigate the economics of catfish production 
in  the main catfish culturing areas of Suphan Buri and Nakhon Nayok. This technical report, 
jointly published by the Kasetsart University Research and Development Institute (KURDI) 
and ICLARM presents the results of this enquiry. 
DR. KAMPHOL  ADULAVIDHAYA 
Director, Kasetsart University 
Research and Development Institute 
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vii Abstract 
Panayotou, T.,  S.  Wattanutchariya,  S.  lsvilanonda and  R.  Tokrisna. 
1982. The economics of catfish farming in central Thailand. 
ICLARM Technical Reports 4,60 p. Kasetsart University Re- 
search and Development Institute, Bangkok, Thailand and Inter- 
national Center for  Living Aquatic  Resources Management, 
Manila, Philippines. 
A recall survey of 41 catfish farms in  the Central Plain of Thailand 
during 1979 was  undertaken to ascertain why production has been fall- 
ing since 1974, despite high and rising market prices for catfish. The 
survey results showed that many catfish farmers have switched to the 
culture of other species or to the cultivation of rice and other crops; 
some even left the area to take other occupations. The main reasons 
given in the interviews were high fish mortality due to disease and esca- 
lating feed  (trashfish) prices.  Yet,  some  of the farms that stayed in 
business made considerable profit, due to superior managerial ability 
of the owners, access to lowcost credit and diversification of farming 
to spread risk. 
A Cobb-Douglas production function was  employed to explain 
variation in output observed from farm to farm. Eighty percent of the 
variation in output could be  explained by the following explanatory 
variables (inputs): stocking rate, feeding rates of trashfish and broken 
rice, fuel for pumping water, medication of fish,  size of farm,  and 
experience of the operator. Profits could be increased by reducing the 
average catfish stocking rates and quantity of trashfish used as  feed, 
and by increasing the use of broken rice and fuel for the purpose of 
changing pond water. 
viii Introduction 
BACKGROUND 
In contrast to the remarkable Thai fisheries development of the 1960s, recent years 
have witnessed a reduction in  the growth of fish supplies as  a result of overfishing, water 
pollution and rising fuel prices. A further dramatic decline in marine fish production is 
expected as  a result of the declaration of 200-mile exclusive economic zones by neighboring 
countries. The demand for fish, on the other hand, has been rising rapidly as  a result of 
increases in population, in  income per capita, in exports and in the prices of alternative 
sources of  animal protein. With supply lagging and demand rising, the prices of fishery prod- 
ucts have been increasing rapidly with adverse effects on the welfare of low-income people 
whose protein intake is derived mainly from fish, the traditionally lowest-priced  source of 
animal protein. Moreover, Thailand, facing mounting balance-of-trade  deficits, can ill afford 
a curtailment of its fishery exports. 
Among the proposed solutions to the problem of lagging supply and rising fish prices in 
Thailand have been: (i) management of marine and freshwater fisheries; (ii) fishing ventures 
with neighboring  countries; and (iii)  promotion of fish culture. Not only is there a limit to 
the amount of fish obtainable from natural sources on a sustained-yield basis,  but also 
enforcement difficulties frustrate the management schemes required for its attainment. Joint 
fishing ventures, however successful, provide only a partial and at any rate, temporary solu- 
tion to the lagging supply of fishery products. In contrast, fish culture may provide a long- 
term alternative to capture fisheries in a country with abundant waters, fish farming exper- 
ience and existing markets. 
Fish farming in inland waters has long been practiced in Thailand. In earlier times, 
farmers were encouraged to grow fish in paddy fields with emphasis on rearing herbivorous 
or omnivorous species such as  tilapia, carps and sepat-siam (Trichogaster pectoralis).  Com- 
mercial-scale aquaculture is a rather recent development, spearheaded by recent advances in 
fishculture technology and by the increase in freshwater fish prices following the decline of 
supplies from natural sources. The species raised include catfish (Clarias spp.),  striped catfish 
(Pangasius sutchi),  mudfish (Channa striata),  sepat-siam,  carps,  tilapia and giant prawn 
(Macrobrachiurn rosenbergii). 
The culture of catfish has been particularly popular because of its short culture cycle, 
ability to survive a wide range of water conditions and high market price. Traditionally, cat- 
fish were obtained from natural sources such as  paddy fields during harvest and canals but 
supply from these sources was adversely affected by the use of agricultural pesticides and 
the filling up of canals for road construction. This development, coupled with the increase 
in demand has encouraged the culture of catfish in ponds, but after a brief boom in the late 
1960s and early 197Os,  the culture of catfish declined and its capture from natural sources 
has been partially revived (see Appendix Table 1). 
A study of the economics of catfish culture would provide useful information for the 
solution of problems faced by catfish farmers. DECLINE IN  CATFISH PRODUCTION 
As a result of the high profitability of catfish farming and the absence of barriers to 
entry, the number of catfish farms in Suphan Buri Province, the largest catfish-farming area 
of the country, increased rapidly from 45 farms (54 ponds) with an area of about 16,506 m2 
in 1967 to 468 farms (1,123 ponds) with an area of about 495,646  m2 in 1973 (Kloke and 
Potaros 1975). Three years later, however, according to the Department of Fisheries, there 
were only 76 farms (288 ponds) with an area of 343,788  m2, due to the exit of a large 
number of small farms (see Appendix Table 2) as a result of losses caused by spread of cat- 
fish diseases and the rising prices of inputs, especially that of trashfish, the major ingredient 
of feed,  at an average annual rate of 40% during 1973-80. The rapid rise in the cost of pro- 
duction and the slow increase in the price of  catfish (at an average annual rate of 24%  during 
197380) brought losses to many farmers. Tugsinavisuitti and Onchan (1979) found that 
catfish farmers incurred an average loss of about 21,965  baht per farm in 1975. The peak 
production of catfish of 40,262 mt, valued at 5,798  million baht in 1973 dropped to 
19,714 mt, valued at 315.4 million baht, in 1976 (Appendix  Table 1  ),a change that affected 
not only the producers but had a pronounced effect on the consumers as  well. As a result of 
the drop in supply and the continued rise in demand,  the price of mediumsize Clarias rose 
from about 10 baht/kg in the early 1970s to  as  much as  30 baht/kg in 1980 (see Appendix 
Table 3). 
In  theory, at least, the increase in price caused by excess demand should have induced 
a rise in production and a corresponding increase in supplyAhe recovery of the catfish- 
farming industry, however, has not been proceeding at the rate one would expect given the 
high and rising fish prices. Moreover, the mounting problems of this industry have discour- 
aged the expansion of fish farming in general, and often frustrated government programs 
aimed at utilizing marginal lands and underemployed agricultural labor to alleviate regional 
protein deficiencies and to increase fish supplies in general through aquaculture. However, 
little has been done to  this date to study the economics of catfish farming in Thailand. The 
few studies that occasionally appeared have been mainly descriptive, based on limited and 
probably unrepresentative samples. 
Thus,  an indepth investigation of the economics of catfish production and marketing 
to determine farming practices and profitability and to identify key constraints is long over- 
due. Such a study would not only produce interesting analytical results, such as the technol- 
ogical coefficients of catfish production, the substitutability between inputs, economies of 
scale, etc.,  but would also yield useful data on the proper input and output mix under alter- 
native behavioral and  market assumptions,  the optimal size of catfish farm,  the optimal 
timing of harvest, the role of experience, etc.,  for policy formulation. The marginal products 
and returns to different factors could be compared with their opportunity cost to determine 
the social profitability of expanding catfish farming as compared to the alternative use of 
these factors. The effects of government policies such as  tax incentives and subsidies on the 
industry could also be examined. 
This list of research issues,  though not exhaustive, is  still too extensive to be covered 
in a single study such as  the present one.  However, before delineating the scope and limits 
of the present study, a brief review of previous research work is given to put the study in 
perspective. 
PREVIOUS STUDIES 
We  know of six previous studies which have touched upon the subject of the economics 
of catfish production in  Thailand. The main findings of these studies are summarized in Table 1. Summary figures on catfish farming in Thailand based on earlier studies and corresponding  figures of present study. 
Average 
sample  Yield 
Sample  pond  per  Stocking  Feedin4  Conversion  Culture  Mortality 
1 
size  area  crop  rates  (kglm  ratio  period  rate 
Studies  (no. farms)  (m2)  (kgIm2)  (fingerlings/m2)  per crop)  (feedlyield)  (months)  (%I 
Pawapootanon (1965)  1  400  10.75  120  55.5  .  6.0:l  6 
lnoue and Swegwan (19701  2  314  -  {2%3  -  -  -  - 
'typical' 
Kloke and Potaros (197515  " 
200  13.43  3-6  4050% 
Tugsinavisuitti and Onchan (1977)  35  5.8  34  1  -  - 
4.71 18 
Division of Agricultural Economics 
(1977a)  7  1,842  6.4  246 
Division of Agricultural Economics 
(1977bj10: 
Whole country  82  2,358  9.0  - 
Central  22  3,400  -  265 
NE  31  4,224  -  472 
South  36  137  -  27 
Present study (1979)  40  2,705  6.70  130  33.5  5.0: 1  -  62 
. -  - -  -  --  ---  - - 
Cost  Revenue  Profit  Cost combination  1%) 
B per farm 
Olkg  Blm2  Olkg  81m2  Olkg  Blm2  per crop  Feed  Fry  Labor  Others  Fixed 
Pawapootanon (1965)  6.70~  72.00~  8.00  86.00  1.303  14.00~  5,5843  194  164  554  104  - 
l  noue and Swegwan ( 1970)  -  -  -  -  -  -  -  67  20  7  the balance 
Kloke and Potaros (19751~  9.70 
Tugsinavisuitti and Onchan (1977) 12.93 
Division of Agricultural Eco- 
nomics (l977a)  13.90 
Division  of Agricultural Eco- 
nomics (1977bI10: 
Whole country  10.78 
Central  - 
NE  - 
South  - 
Present study (1979)  15.90 
70  21  1  the balance 
'studies  1-5 and 7 focused on farms in the Central Plain while study 6 coven the whole country except the North. 
'variable  cost only. 
3~ross  less fixed cost. 
4~ixed  cost was  excluded from the calculation  and percentages are of total variable cost. 
'~loke  and Potaros give no average cost, revenue and profit; the values repmted above were calculated as  simple averages of the lowest and 
highest values they report. 
G~xclude  opportunity cost of capital. 
'~verage  pond size. 
8~verage  farm Size. 
'~lthough  the authors report losses,  a close scrutiny of their figures reveals an oversight in deducting marketing costs from the farm-gate 
price instead of the Bangkok market price. 
1°~ivision  of Agricultural Economics (1977b) gives figures per year;  here they have been converted to percrop basis by dividing 1.5,  the 
estimated average number of  crops per year. Table 1 for comparison. However, any such comparisons should be made with caution, 
keeping in mind the differences in area,  time, samples and definitions d  variables. Table 1 is 
of particular usefulness as  a historical background to the present study and provides a set of 
benchmark figures with which our results may be compared. Here we  confine our discussion 
to  the highlights of those earlier studies. 
The reported average pond area per farm ranged between 300 m2 to  over 4,000  m2, 
with later studies reporting higher figures,  implying an increase in  the average size of catfish 
farms over time. Regionally, the farms tend to be large in the northeast, somewhat smaller 
in the Central Plain and very small in the south. No information was available on the north 
where catfish culture is still quite rare. The reported yield, mainly based on samples taken 
from the Central Plain, ranges between 3.5  kg and 10.75 kg/m2 per crop. One study by the 
Division of Agricultural Economics (1977b) reports an average yield of 9 kg/m2 (computed 
from the average annual yield of 13.5  kg/m2 divided by 1.5,  the average number of crops 
raised per year), for the country as a whole. This figure appears unreasonably high, since all 
other studies (including ours) involving the Central Plain, the country's most productive 
area with relatively intensive culture, found an average yield between only 5 and 7 kg/m2. 
The reported stocking rates range from below 50 to over 400 fingerlings/m2 with most 
1970s studies for the Central Plain reporting figures around'250 fingerlings/m2 compared to 
only 130 fingerlings/m2 found by the present study. Information on feeding rates is more 
scant.  Kloke and Potaros (1975) report feeding rates of 13 kg to 43 kg/m2/crop, while 
the Division  of Agricultural Economics (1977a) reports an average feeding rate of 33.8  kg/m2, 
which compares with 33.5  kg/m2 found by the present study. Two of the previous studies 
reported feed conversion ratios in the neighborhood of 5: 1,  which has also been found by 
the present study, although both higher (6:l) and lower estimates (3.5: 1) have been reported. 
Culture periods ranging between 3 and 6 months and mortality rates between 40 and 86% 
were reported, compared with an average culture period of 4 months and a mortality rate of 
60% found by the present study. 
As expected, earlier studies reported lower costs and revenues per kg of production and 
per unit of pond area than more recent studies, at least partly due to inflation. If  we take 
Kloke and Potaros (1975) as  a benchmark, the cost of catfish production between 1975 and 
1979 seems to have grown faster than the rate of inflation, while catfish prices have grown 
slower than inflation. If  we,  however, take the figures of the three 1977 studies as  bench- 
mark, both costsand price appear to  have grown more or less in line with the rate of inflation. 
All studies report positive  on the average ranging between 1.09 baht and 4.12  bahtlkg 
(compared to 3.54  bahtlkg of our study), except for Kloke and Potaros (1975) who found 
catfish farming, on the average, considerably more profitable. On a per-farm basis,  profits 
have been reported ranging between 5,000  baht in the mid-1960s to 285,000  baht in the 
mid-1970s. The latter figure reported by the Division of Agricultural Economics (1977b) is 
not corroborated by other mid-1970s studies which report profits between 20,000  baht and 
75,000  baht per farm. The reason for the unusually high-profit data of the Division of Agri- 
cultural Economics (1977b) study is, as  we  have seen earlier, the unreasonably high esti- 
mate of the yield rather than an underestimate of cost or overestimate of price. The esti- 
mate of the present study is 63,000  baht per farm. 
In  terms of cost structure, there seems to  be agreement among the various studies. 
Except for Pawapootanon (1965) who surveyed catfish farms in the environs of Bangkok 
during the earlier stages of development, all studies report that the cost of feed dominates 
(56 to 75%) the cost structure of the industry, followed by the cost of fry (1  1 to 21%). 
Labor and fixed costs each account for less than 10% of the total cost. The importance of 
labor, in particular, appears to have declined over time (Table 1). It must be repeated, how- 
ever,  that the above comparisons should be regarded with caution because of differences in 
location, sample size and general methodology. While earlier studies such as  lnoue and Swegwan (1  970) encountered problems of over-production, falling catfish prices and farmer 
demands for a price support scheme,  more recent studies,  especially Kloke and  Potaros 
(1975) and Tugsinavisuitti and Onchan (1977), encountered problems of spread of disease, 
rising cost of feed,  especially trashfish and seasonality of fry availability. By comparison, the 
present study found the first two problems persisting while the third appeared more in the 
form of high mortality than seasonality of fry. Other problems identified by the present 
study are discussed in succeeding portions of this report. 
SCOPE AND PLAN OF THE PRESENT STUDY 
While the studies reviewed in the preceding section are useful in providing historical 
information on catfish culture in Thailand, they suffer from some serious limitations. First, 
all but two of these studies use a small, non-randomly chosen and (hence) non-representative 
sample of catfish culture in Thailand or in any particular region of the country. Second, due 
perhaps to miscalculations and double counting, the two statistically more valid surveys 
have obtained contradictory and conflicting results, one of them portraying catfish farming 
on the verge of bankruptcy and the other as one of the most lucrative industries in the 
country. Third, none of the studies todate has analyzed in detail the prevailing farming 
practices, examined the role of experience and farm size in profitability, or attempted to 
estimate the parameters of production technology and examine the degree of efficiency in 
input use. Moreover, the results of earlier studies (the most recent pertains to 1976) are 
rendered obsolete by rising input costs and output prices. For example, between 1976 and 
1980, the price of trashfish increased from 1.50 baht to about 3.00 bahtlkg, fuel from 2.64 
baht to 7.39 bahtlliter, and the average price of catfish from 17.19 baht to 29.23 bahtlkg. 
Thus, there is  a need for an up-todate, rigorous study of the economics of catfish 
farming in Thailand based on a representative sample of catfish farms throughout the coun- 
try, and of their activities throughout the year.  Ideally such a study should be based on a 
farm-record-keeping survey rather than on recalled information. 
Unfortunately, due to budget and time limitations  as well as to  the unavailability of 
an up-todate reliable census of the catfish farms in the country, such an  ideal was  not 
attainable in  the present study. Both  spatial and subject-matter limitations  had to be imposed. 
While catfish farming might be as prevalent in the northeast and in parts of the south as it 
is in  the Central Region, for convenience we  chose to  focus again on the latter. Even within 
the Central Region we were not able to draw a random sample because of the wide distribu- 
tion of catfish farms throughout the region and unavailability of (reliable) information on 
their location. We  resorted to  the selection of two provinces thought to be fairly represen- 
tative of the region in terms of catfish culture: Suphan Buri, where intensive catfish culture 
has been practiced for years, and ~akhon  Nayok, where extensive culture has recently been 
introduced. Moreover, the former with its  high quality land and good water control and the 
latter with its successive droughts and floods and poor soil quality, form a fair cross-section 
of land and water conditions in the region. 
In terms of subject matter, the present study focuses on the technology and economics 
of catfish culture from the fingerling stage  to marketable size.  Fry collection, hatchery 
operations, pond engineering, water chemistry and the biological aspects of catfish culture 
are not addressed, except to the extent that they impinge directly on the economics of cat- 
fish production. Similarly, the marketing  of inputs and output is not dealt with to  any depth. 
Moreover, certain issues that fall squarely within the domain of production economics such 
as  input interaction  and substitution, and demand and supply response to changing input 
and output prices are not adequately analyzed because of poor computational facilities and 
the inherent limitations of cross-section data (limited price variation). Fiq. 1. Map of Thailand showing the study areas (dotted) and source of fry (shaded). SELECTION OF  SITES AND SAMPLES 
As explained above, the provinces of Supha Buri and Nakhon Nayok were chosen as 
'representative' sites of catfish culture in  the Central Region (see map). A list of catfish farms 
in  these two provinces was  obtained from the provincial fishery offices but this information 
proved to be outdated; preliminary investigation indicated fewer catfish farms, more scat- 
tered in distribution than officially recorded. 
Many farmers have given up fish farming or switched to the culture of other species 
such as  snakehead fish (Channa striata) and tilapia, while others left their ponds idle because 
of losses from high mortality and rising costs. Those who remained in business were pre- 
sumably the farmers with superior managerial ability and access to low-cost credit and other 
sources of investment funds or those with diversified operations that could spread the risk. 
Some  farmers continued operations, despite losses,  in anticipation of recovery through 
higher catfish prices which were expected to result from diminished supply and rising 
demand. Still others stayed in the business as long as  they covered their operating costs, 
because of the high cost of switching to alternative crops.  For instance, snakehead fish 
culture takes at least 8 months, too long for those who purchase inputs on credit. Switch- 
ing back to rice production involves filling in  the pond, an even costlier option. 
Since over 50% of catfish farms in each province were reported to be concentrated in 
one or two districts, Amphoe Bang Pla Ma in Suphan Buri and Amphoes Ongkharak and Ban 
Na  in Nakhon Nayok, it was decided to limit the survey to these three districts, attempting 
to interview as many farmers as possible. Our total sample of 41 farms is made up of 23 
farms from Amphoe Bang Pla Ma of Suphan Buri and 18 farms from Nakhon Nayok amount- 
ing to about 80% of the farms in each district or roughly between 30 and 40%~  of the farms 
in each province. These two samples, while not randomly drawn, could be considered fairly 
representative of the farm population in  each province. It is probably gfe  to say  that the 
combined sample of the two provinces constitutes a fair cross-section of catfish farming in 
the Central Plain but little  can be inferred from this sample about catfish culture in  other 
regions of the country. 
The survey was conducted during November 1979 and covered the last completed crop, 
which for most, but not all, farms was the June-September crop. The interviews were con- 
ducted by faculty members and students of the Department of Agricultural Economics, 
Kasetsart University. All figures obtained are based on ownersr/farmers' recollection  of their 
activities during the most recently completed crop. Fish Farming Practices 
BIOLOGY OF CLARIAS BATRACHUS 
Catfish, in English, or pla duk,  in Thai,  is a generic name for a number of species 
belonging to the family Clariidae.  Five are encountered in Thailand, two of which are 
popular sources of animal protein, Clarias batrachus and Clarias macrocephalus, locally 
known as  pla duk don and pla duk oui,  respectively. Both are found in freshwater areas 
throughout the country; they can also live in brackishwater. 
Thai consumers have a preference for C.  macrocephalus but, because of bottlenecks in 
fry availability and slow growth, its culture is  still limited in comparison to  C.  batrachus. 
Both species are distinguished by their ability to survive in a wide range of water conditions. 
They require a relatively small area for culture and can be stocked more densely than many 
other species,  but tend to be susceptible to diseases when high density is combined with 
poor water quality. They can,  however, live out of water for several hours, even days,  or in 
waters of low oxygen content as they have accessory organs that enable them to breathe 
atmospheric air. 
The diet of  catfish is also wide-ranging; it includes worms,  insects, shrimps and carrion 
(decayed  matter). In  the earlier years of  their culture in  Thailand, catfish were fed with house- 
hold waste and by-products of canning factories,  but more recently the diet consists of 
ground trashfish (from the trawl fishery) mixed with rice bran and boiled rice. Habitually 
the fish seeks its food near the water surface. 
Clarjas batrachus, the main catfish species cultured in Thailand, spawns during the 
rainy season between May and October; it may be induced to spawn throughout the year if 
new freshwater  is available (Sidthimunka 1971). At present, fry are available from late 
January to November as  a result of hatchery operations. The female catfish spawns when 
it reaches a length of 20 cm (one year old) by laying its eggs  in a horizontal hole dug for this 
purpose on the bank below the water surface. The eggs  hatch within 20 hours at a temper- 
ature between 25.0 and 32.2"C.  While in earlier times the entire supply of catfish fry for 
stocking originated from natural waters,  especially paddy fields and irrigation canals,  an 
increasing number of fingerlings are now produced in hatcheries. Under 'average'  culture 
conditions, 1  Ocm fingerlings stocked at the rate of 50Im2 reach an average length of 25 cm 
and weight of 200 gm  after 4 months of culture (Sidthimunka 1971). 
SOCIOECONOMIC FEATURES OF CATFISH FARMERS 
In management-intensive, high-risk industries, such as  fish farming, farmers'  managerial 
ability becomes a deciding factor between handsome profits and bankruptcy. Managerial 
ability is,  in turn, largely a function of the farmer's age  and education as  well as  his experi- 
ence and degree of involvement in fish farming. 
8 Age distribution 
With regard to age,  we  hypothesize that managerial ability is an  inverted U-shaped 
function of age,  being low and rising at  a young age,  leveling off around a maximum at 
middle age,  and falling back to low levels at  old age.  Almost 80% of the sampled farmers 
were found to be intermediate in age  (30 to 50 years); out of the sample of 41 farmers only 
three were less than 30 years old and six were over 50, with the eldest farmer being 58 years 
old (see Table 2 below). While this bell-shaped age  distribution of farmers is not unusual 
with regard to  the average age of the labor force, the middle-aged percentage is unexpectedly 
high (in Nakhon Nayok it is almost 90%) when compared with other socioeconomic groups, 
such as crop farmers and fishermen. For instance, in a recent study of coastal fishermen in 
Thailand (Panayotou et al.  1980) it was found that no more than 50% of the fishermen 
belong to  the middle-aged group with the rest being distributed almost equally among the 
two other age  groups. 
The difference in age  distribution between catfish farmers and other occupational 
groups may be attributable to ex ante or ex post selective participation in the industry: 
because of  the possible importance of management ability (and perhaps other age-related 
requirements) of the industry, such as  accumulated capital for investment, younger and 
older people may choose not to enter, or if they enter, few succeed and stay. The ex post 
selection may be more relevant to Suphan Buri, where the industry has a longer history, 
while ex ante selection may be the case  in Nakhon Nayok, where catfish farming was 
introduced after the collapse of the industry elsewhere (especially in Suphan Bud.  This 
collapse occurred during the mid-1970s and was  the result of poor management, espe- 
cially with respect to  disease control and input substitution. 
Educational background 
Managerial ability and entrepreneurship are hypothesized to improve with level of 
education. At present, most farmers'  literacy (75% have 7 years of primary education) 
could be considered adequate, but for improved farm management and use of new produc- 
tion technologies, a higher level of education is necessary. The willingness to  take risks and 
innovate also may increase with the level of education. In comparison with small-scale 
fishermen and crop farmers, a smaller percentage of catfish farmers were illiterate and a 
larger percentage had attended a higher education on the average. 
Catfish-farming  experience 
Experience in farming is thought to be an even more relevant indicator of managerial 
ability and hence of successful operation than either age  or education. A farmer, switching 
from crop farming to fish culture, faces problems quite different from those of a farmer 
switching between crops. Pond design, water quality, disease control, feeding rates and out- 
put perishability are some of the problems peculiar to the fish farmer. Moreover, fish farm- 
ing requires a different and more regular timetable of activities. In  crop farming, planting 
and harvesting are the peak farm activities with little other effort required. In fish culture, 
the farm activities are spread throughout the rearing season. Stocking and harvesting may, 
in fact, require little effort by comparison to feeding, disease control and water manage- 
ment. An additional factor is the relatively short history of fish culture. Unlike rice, which 
has been farmed widely for centuries with the production technology being passed from Table 2. Demographic and occupational characteristics for 41  catfish farmers in  Suphan Buri and Nakhon Nayok Provinces 
of  Thailand,  1979. 
- 
Suphan Burl  Nakhon Nayok  Total 
No.  No.  No. 
l  tem  farmers  %  farmers  %  farmers  % 
Age (years) 
<  30 
30-50 




























Figures in  parentheses are standard deviations from the average. 
2~our  years of  primary education were compulsory until recently when the period was extended to  seven years. 
'~x~erience  in  catfish farming. 
41ncludes catfish farming. 
generation to generation, fish have not been farmed long enough or widely enough to 
accumulate an accepted body of common knowledge and practice among farmers. Learning 
by trial and error are still the main features of aquaculture both in Thailand and elsewhere 
in the developing world. Farmers in Suphan Buri had an average experience of about 7 years 
in catfish farming compared to almost 3 years for those in Nakhon Nayok. Around 25% of 
the sampled farmers in Suphan Buri had over 10 years of experience and more than half 
had been farming for at  least 6 years.  In Nakhon Nayok, virtually all farmers had entered the industry within the last 5 years with one-third  being newcomers with only 1 year of 
experience. Only one farmer was  a newcomer in Suphan Buri where the most experienced 
farmer had been raising catfish for the last  15 years  (Table 2). The explanation for the 
experience differentials lies in the fact that Suphan Buri is generally a superior location for 
fish farming because of greater availability and control of water. Thus,  the industry started 
first in Suphan Buri at  a time when the price of catfish was too low to support the business 
in Nakhon Nayok, As the catfish diseases spread in Suphan Buri and other traditional farm- 
ing areas and the use of insecticides increased throughout the country, the supply of catfish 
from farms and natural waters declined and catfish prices rose steeply (around  the mid-1970s). 
It was then that catfish farming in Nakhon Nayok became economically profitable. The 
famers in this province opted for a "less  intensive" culture than the one practiced in Suphan 
Buri, partly in an attempt to prevent the spreading of catfish diseases in their area and partly 
because of inferior land-water conditions. Encouraged by the profits of the first entrants, 
the rate of entry continues to be high. In contrast, the industry in Suphan Buri is dominated 
by the inveterate farmers; past failures, especially among the less experienced, have created a 
sort of barrier to entry. 
Throughout the study, catfish culture in Suphan Buri is termed "intensive"  and that 
of Nakhon Nayok "extensive"  (or less intensive). However, these terms are not used in the 
conventional sense  as found in aquaculture literature, that is, of relying on supplemental 
and natural feed,  respectively. We use these terms in a loose and relative sense  based on the 
stocking and feeding rates. We  have observed that catfish farmers in Suphan Buri stock, on 
the average,  more than twice as many fingerlings (188/m2) than do farmers in Nakhon 
Nayok (76/m2  ),  and practice feeding rates 3 times higher. Moreover, average capital invest- 
ment per square meter of pond area in Suphan Buri is almost three times that in Nakhon 
Nayok. While there is  a 10 to 15%  overlap in these measures of "intensity"  between the two 
locations, we conveniently labelled Suphan Buri culture "intensive"  and Nakhon "extensive", 
a usage  corresponding to the layman's understanding of the structure of the industry. 
Degree of specialization and occupational background 
The degree of involvement or specialization in any particular occupation is a mixed 
blessing. On the one hand, specialization builds up managerial ability and skill; on the other 
hand, it increases risk. Often, farmers start growing a new crop on a trial, part-time basis, 
increasing their involvement and commitment of resources as  they acquire more knowledge 
and skill. In high-risk activities like fish farming,  however,  diversification retains some 
advantages even at high levels of  experience. Almost 80% of the sampled farmers in  Suphan 
Buri had catfish as their main occupation compared to only 22% in Nakhon Nayok. Eight 
farmers in Suphan Buri practiced catfish farming as  their only occupation compared to none 
in Nakhon Nayok (Table 2). The lower degree of specialization of Nakhon Nayok farmers 
may be explained partly by their limited experience in catfish farming and partly by the 
shorter period during which culture is possible in their province compared to Suphan Buri. 
Among those who practiced catfish farming as their man occupation, non-agricultural 
activities as a secondary occupation were more prevalent in Suphan Buri than in Nakhon 
Nayok. In contrast, agriculture and non-agriculture  were equally prevalent as main occupa- 
tions among those who had fish farming as  a secondary occupation in both locations. Diver- 
sification was also present within the fish farming occupation, as farmers attempted to use 
underutilized inputs and/or to reduce risk (especially risk arising from disease and market 
fluctuations) through the rearing of other species besides catfish, such as  snakehead,  striped 
catfish and tilapia. More than half the farmers in Suphan Buri and one-third of those in 
Nakhon Nayok raised other species concurrently with catfish. The occupational background of catfish farmers in both locations was evenly divided 
between agriculture and non-agriculture (Table 2). Almost 80% of the sampled farmers in 
Suphan Buri gave  "high returns" as  the reason for their involvement in catfish farming while 
in Nakhon Nayok almost half had entered the catfish business either for trial or because of 
idle inputs. Ultimately, all catfish farmers were motivated by past or expected profitability, 
unlike rice farmers or small-scale fishermen who are to a large extent motivated by the 
"need  for subsistence"  or by tradition. 
FARMS AND PONDS 
Land ownership and farm size are important determinants of the incentives for invest- 
ment, of the ability to obtain credit, and ultimately of household income. Securely-owned 
land may be used as  a collateral for credit and, of course, the more land one owns the larger 
the amounts and easier the terms of loans one is able to secure. Insecure ownership (possess- 
ion without title) or tenancy does not only reduce the ability to obtain credit but it further 
discourages investments in land improvement. Larger farms of highquality, securely-owned 
land are expected to give rise to higher household incomes and,  up to a point, may also give 
rise to economies of scale in production. 
Land ownership and farm size 
About two-thirds of the sampled farms in Suphan Buri and one-half in Nakhon Nayok 
owned land while the rest had either partial ownership or tenancy (see Table 3). The average 
farm size was  larger in Nakhon Nayok (50.6 rail ) than in Suphan Buri (22.2 rail where land 
was of better quality. Almost 70% of the farmers in Suphan Buri had land holdings smaller 
than 30 rai compared to about 45% for Nakhon Nayok. However, because of better quality 
of land, the average land value per farm was somewhat higher in Suphan Buri, although land 
accounted for a larger percentage of the value of farm assets in Nakhon Nayok because of 
the extensive type of farming practiced. The average value of total farm assets was 890,000 
baht (US$44,500) in  Suphan Buri and 738,000 baht (US$36,000)  in Nakhon Nayok. Because 
of the relatively small size of farms and the management requirements of the operation, 85% 
of the farms were owner-operated. Only four farms in Suphan Buri and one in Nakhon 
Nayok had a caretaker or a crop-sharing arrangement (Table 3). 
Farm location 
Fish farms are usually located on the banks of canals or sub-canals to facilitate water 
supply and to avoid water pollution caused by use of pesticides and insecticides in fields 
between the source and the farm. Over 60% of the sampled catfish farms were within 50 m 
from a major canal or sub-canal; because of larger farm size and less-regular availability of 
water the percentage was  considerably higher in Nakhon Nayok than for Suphan Buri 
(Table 4). Besides the distance from the water source, the drainage system,  currents and 
winds are factors affecting farm location and pond structure. Farms located downstream 
are vulnerable to disease and water pollution originating upstream. 
'One rai = 1,600 m2 (approximately). Table 3.  Farm size,  land ownership and assets for 41 catfish farms in Suphan 8uri and Nakhon Nayok Provinces of Thai- 
land, 1979. 
Suphan Buri  Nakhon Nayok  Total 
No.  No.  No. 





>  90 rai 





Type of Enterprise 
Owner-operated 
Partnership 
Others (caretaker, rent, 
crop sharing) 
Average farm assets (value)  '000 baht  '000 baht 
Land 
Shelter and other buildings 
Equipment 
Total 
Figures in  parentheses are standard deviations from the average. 
2~~$1  = 20.30  baht prior to  July 1981 and 22.50  baht thereafter (approximately). 
Pond area and average pond size 
The pond area (water surface) used for catfish culture on individual farms during the 
survey ranged between 140 m2 and 9,360  m2 with an average of 2,361  m2 in  Suphan Buri 
and 3,125  m2 in Nakhon Nayok. For the purpose of the analysis to  follow, farms were 
divided into three groups according to their total pond area:  small farms (up to 1,000  m2), 
medium farms (1,001 to 3,000  m2)  and large farms (larger than 3,000  m2  ). The sampled 
farms in each  location were almost evenly distributed among the three size groups (see 
Table 4). Farm size here means total pond area,  not the farm's  total size. 
Although the number of ponds per farm ranged from 1 to 13, only 25% had more than 
3 ponds. The average pond size varied widely, ranging between 140 m2 and 8,400  m2, with 
an average size of 851 m2 in Suphan Buri and of 1,138  m2 in Nakhon Nayok (see Table 4). 
Larger ponds economize on land and construction cost but are generally more difficult to 
manage (apply feed, clean,  maintain and harvest uniformly). Moreover, the risk associated 
with operating one large pond is relatively higher (as disease may wipe out an entire crop), 
and the flexibility in the selection of stocking and harvesting times is more limited than in 
the case of many smaller ponds. Table 4.  Pond location, number and size for 41 catfish farms in  Suphan Buri and Nakhon Nayok Provinces of Thailand, 
1979. 
Suphan Buri  Nakhon Nayok  Total 
No.  No.  No. 
farms  %  farms  %  farms  %  l  tern 
23 
Distance from the source of water supply 
Main canal 
1-50 m 
>  50m 
Sub-canal 
1-50 rn 
>  50m 
Pond area 
Up to 1.000  m2 
1,001 -3,000 m2 
>  3,000  m2 
Average pond area (m2) 




>  9 
Average pond size 
Up to 1,000  m2 
Up to 500 m2 
501-1,000 m2 
1,001 -2,000 m2 
>  2,000  m2 
Average pond size (m2) 
'Figures  in parentheses are standard deviations from the average. 
Pond construction 
Ponds were dug either by hand or with a bulldozer to a depth ranging from 1 m to 2 m 
at the outlet and 1 m or less at the opposite end (or water inlet) to facilitate drainage. The 
soil removed was used to  erect dikes, dams and borders. In  some cases,  pond banks and water 
inlets  were lined  with bricks  or stones to  reduce erosion. Generally, ponds were not organized 
in a series.  Each pond had its  own water inlet and outlet to  prevent the spread of disease 
through contaminated or toxic water. Virtually all ponds were for growout, i.e.,  to culture 
fingerlings to marketable size,  with the exception of one farm in Nakhon Nayok which 
operated a hatchery as  well. 
STOCKING PRACTICES AND PROBLEMS 
Stocking the pond with fingerlings involves three activities:  pond preparation, seed 
procurement and the act of stocking. In  the latter, two factors are of importance:  stocking 
rate and stocking time. Table 5. Pond preparation before stocking in 41 catfish farms in Suphan Buri and Nakhon Nayok Provinces of Thailand,  , 
1979. 
l tem 
Suphan 8uri  Nakhon Nayok  Total 
No.  No.  No. 








1.  Salt 
Yes 
No 
2.  Lime 
Yes 
No 




Pond preparation before stocking is necessary to recover the fertility and chemical 
properties of the soil (e.g.,  reduction of toxicity) as well as to remove fish predators and 
other undesirable fauna. Pond preparation consists of (a) cleaning and drying after draining 
and (b) tilling and treatment through application of salt, lime, fertilizer and other chemicals. 
With two exceptions, all farmers cleaned their ponds before stocking; however, only two- 
thirds of them allowed sufficient time for the ponds to  dry. The percentage of farmers drying 
their ponds was considerably higher in Nakhon Nayok than in Suphan Buri. With regard to 
pond treatment, approximately two-thirds of the farmers in  Suphan Buri applied lime com- 
pared with 50% in Nakhon Nayok. Application of salt was  practiced only in Suphan Buri; 
use of other chemicals and fertilizers was  rare in both locations (see Table 5). 
Seed procurement 
The main sources of fingerlings for stocking were hatcheries and fry collectors from 
outside the two sampled catfish-growing  areas, mainly from Chachoengsao Province (Table 6). 
Secondary sources were local fry collectors in the two areas and a local hatchery in 
Nakhon Nayok. Only two Nakhon Nayok farmers reported obtaining fry from this hatchery, 
partly because of preemptive credit arrangements between farmers and catfish buyers who 
are often the suppliers of inputs such as fingerlings and feed. 
Approximately half of the sampled farmers were satisfied with the quality and price of 
fingerlings. Among those farmers who had problems with fry, the major complaint was 
"high  mortality rate" in Suphan Buri and "parasites"  in Nakhon Nayok. Excessive fingerling Table 6.  Stocking material and practices in  41 catfish farms in  Suphan Buri  and Nakhon Nayok Provinces of  Thailand, 
1979. 
Suphan Buri  Nakhon Nayok  Total 
No.  No.  No. 
l  tem  farms  %  farms  %  farms  % 
23  100  18  100  41  100 
Sources of  fry 
Local collector  3  13  4  33  7  17 
Other provincial supplier  20  87  9  50  29  71 
Hatchery farm  -  -  2  11  2  5 
Other  -  -  3  17  3  7 
Problems with fry 
None  11  48  10  56  2 1  51 
High mortality rate  10  43  -  -  10  24 
Parasites  1  4  5  28  6  15 
High price  1  4  1  6  2  5 
Inadequate and late supply  -  -  2  11  2  5 
Factors determing stocking rate 
Pond size  7  30  11  61  18  44 
Last crop yield  4  17  -  -  4  10 
Feed supply  3  13  -  -  3  7 
Fry price  3  13  -  -  3  7 
Working capital  2  9  -  -  2  5 
Others  4  17  7  39  11  27 
Fry cleaning before stocking 
Yes  4  17  5  28  9  22 
No  19  83  13  72  32  78 
Stocking  frequency per crop 
Once  18  78  15  83  33  80 








prices and irregularity of supply were reported by only 4 farmers,  three of whom operated 
in Nakhon Nayok (Table 6). This is somewhat surprising, considering there is a hatchery 
in that province. 
Stocking rate 
Although the Department of Fisheries recommends stocking rates of 60 to 100 finger- 
lings (7 to 10 cm long) per square meter of water surface, the actual stocking rates and 
fingerling sizes varied widely among catfish farmers. In Suphan Buri, stocking rates ranged 
between 45 and 400 fingerlings/m2 ranging in size between 3 and 8 cm. These ranges were 
even wider in Nakhon Nayok: 3 to  437 fingerlings/m2 and 2 to 23 cm,  respectively. Farmers 
in Suphan Buri, using a variety of criteria, stocked an average of 188 fingerlings/m2 (see Table 1  1  ). Thirty percent of the farmers gave  'pond size' as  their decision criterion and 
17% based their decision on the last yield (see Table 6). It is notable that only 3 farmers 
out of 23 considered the price of fry as  the decisive factor, and as many gave  feed supply as 
their criterion. The rest of the farmers (26%) make reference to working capital limitations, 
copying the stocking rates of other farmers, etc. This last criterion was given by almost 
40% of the farmers in Nakhon Nayok while the rest reported pond size as the yardstick 
determining  stocking rates which averaged to about 76 fingerlings/m2 of pond area. The 
average size of fingerlings stocked was 5 cm in Suphan Buri and 8 cm in Nakhon Nayok. 
The stocking of fewer and larger (older) fingerlings in Nakhon Nayok was the main reason 
for their higher survival rate-50%,  compared to 34% in Suphan Buri (see Table 11). 
Another reason for the higher survival in Nakhon Nayok might have  been the fact 
that more farmers there cleaned and treated the fingerlings with formalin before stocking 
(see Table 6). The fisheries authorities recommend treatment with 220 ppm formalin for 
20-25 minutes before stocking (Sidthimunka 1971). 
Stocking time 
For a number of reasons,  such as fry availability and weather conditions, stocking can- 
not take place throughout the year. Stocking in December and January is precluded by the 
fact that fry are not available; spawning takes place during February to October (including 
induced spawning during February-April). Weather conditions are of more importance to 
Nakhon Nayok farmers because  of poor irrigation systems resulting in low water  levels 
before the rainy season,  and flooding during the monsoon. No farmers in this province 
stocked in February, April or July. This does not mean that during the remaining months 
stocking was  possible throughout the province, the specific location (and elevation) of the 
farm in relation to the water source made stocking possible in certain farms but not in 
others. 
Besides location, economic considerations may  have determined stocking time. As 
farmers have observed that catfish prices tend to be low in the first and last quarters of the 
year, they choose to stock their ponds at  such a time that the fish could be harvested when 
the prices peak in mid-year. Thus, over 75%  of the farms in Suphan Buri stocked during 
February-April and harvested during May-August. The peak month for stocking was  March 
when 45% of all ponds were stocked; the peak month for harvest was July when 32% of 
all ponds were harvested. In Nakhon Nayok, two-thirds of the ponds were stocked in May- 
June with half of these being harvested 3 months later (in  August). The later stocking time 
and shorter growing period of Nakhon Nayok may be due,  respectively, to the water paucity 
before the rainy season and the floods during the September monsoon, coupled with an 
attempt to harvest while the catfish prices were still high. This may also explain the low 
stocking rates in Nakhon Nayok: higher stock density would reduce individual growth 
below the rate necessary for fish to reach marketable size by harvesting time. The economics 
of stocking and harvesting time is further analyzed below. 
Farmers, when asked the main criteria for selecting their stocking time, gave a variety 
of (not unrelated) reasons ranging from weather conditions and imitation of neighbors to 
input availability (especially fry and family labor) and profitability. While none of these 
criteria was strikingly dominant, input availability (other than fry) was given by over 30% 
of the farmers in Suphan Buri, and profitability by over 25% of the farmers in  the same 
province. A somewhat different response was obtained from Nakhon Nayok where almost 
30%  of the farmers indicated  weather conditions  and almost 40% input availability (including 
fry) as  their main criteria in choosing optimum stocking time (Table 6). It might be worth 
noting that no farmer in Nakhon Nayok considered profitability as  a key factor in  deciding stocking time (due perhaps to  the limited range of options) although the criteria used do 
have an indirect bearing on profits. 
About 80% of the farmers in each location stocked their ponds only once per crop, as 
is officially recommended. The rest stocked more than once in an attempt to compensate 
for the high mortality or to supplement an inadequate supply of fingerlings during the first 
stocking. Preferred stocking time during the day was  early morning or late afternoon. 
FEEDING PRACTICES AND PROBLEMS 
The availability of abundant supplies of low-priced  feed in the form of trashfish from 
the trawl fishery was a key factor in the rapid development of catfish farming during the 
late 1960s and early 1970s. As the industry came to rely for feed almost exclusively on 
trashfish, the ensuing doubling and tripling of its price under increasing demand from fish- 
meal plants (and  catfish farmers) caused a near collapse of the industry during  the mid-1970s. 
The problem was further exacerbated by the spread of catfish diseases,  not unrelated to the 
use of trashfish, especially with intensive-feeding rates. Farmers did attempt to modify their 
feeding rates and feeding formulas, and in some cases replaced trstshfish by manufactured 
animal feed. Many were forced to  leave the industry while the rest were saved by the ensuing 
d 
catfish price increases and by superior management abilities. However, the problems of 
disease,  rising costs of trashfish and lack of suitable substitutes persist. A close examination 
of prevailing feeding practices (feed-mix, feeding rates), as  well as  of farmers' perception of 
the problems and response to  changing prices,  is prerequisite to finding a workable solution. 
The feed-mix is not uniform throughout the rearing period. During the first two weeks 
after stocking, the fingerlings are fed, usually in  early morning or late afternoon, with ground 
trashfish (sometimes mixed with a little rice bran). Subsequently, trashfish is mixed with 
rice bran and (boiled) broken rice and the mixture is ground to form a sticky paste. The pro- 
portions of  rice bran and broken rice are increased as  the harvest approaches in order to induce 
rapid fattening of catfish. The average feed mix over the entire growing period varied among 
farmers in the same  location but more significant differences were observed between loca- 
tions. In Suphan Buri, the average feed proportions were 10 parts of trashfish, 2 parts of 
rice bran and 1 part of broken rice by weight while in Nakhon Nayok the corresponding 
proportions were 3:1:1  (Table 11). The figures for Suphan Buri corroborate earlier findings 
(Kloke and Potaros 1975) for feed-mix over the two months prior to harvest. 
More than 80% of the farmers in Nakhon Nayok (compared to 65% in Suphan Buri) 
complained of trashfish-induced water pollution, apparently the result of poor drainage in 
larger ponds (Table 7). A second factor for using a smaller proportion of trashfish in Nakhon 
Nayok could be a conscious effort by the first few farmers there to avoid the disease prob- 
lems of Suphan Buri. This effort which is reflected in lower stocking and feeding rates as 
well as  different composition of feed was  imitated by newcomers; 50% of the farmers, 
especially new entrants, reported imitating their neighbors' feeding practices. Moreover, the 
trashfish protein supplied by the farmers may have been further supplemented by natural 
food in the form of worms, insects and other organisms available in greater quantities under 
extensive culture. When questioned on their feed-mix criteria, Nakhon Nayok farmers 
rejected both the relative prices of the ingredients and the conversion ratio of the mixture, 
reporting stickiness of the mixture and imitiation of neighbors as  deciding factors (see 
Table 7). Suphan Buri farmers, on the other hand, appeared more cost-conscious as 60% re- 
ported considering feed prices and the feed conversion ratio as their main criteria in deciding 
the feed mix. At the same  time over 25% of them listed the high cost of trashfish as a more 
serious problem than trashfish-induced  water pollution. Although Suphan Buri farmers used 
proportionately more trashfish in the feed-mix than their colleagues in Nakhon Nayok, all 
without exception used all three conventional feed  ingredients (trashfish, rice bran and 
broken rice). In  contrast, more than one-third of Nakhon Nayok farmers were experimenting 
with partial combinations such as trashfish only, and trashfish and rice bran. On the other 
hand, while no farmer in Suphan Buri experimented w~th  feed formulas containing less than 
65% trashfish, there were at least 4 farmers in Nakhon Nayok using feed combinations with 
less than 40% trashfish. As  expected, extensive culture allows a wider spectrum of choices in 
the combination of feeds and other variable inputs than intensive culture (Table 7). 
Because of the perishability and high risk associated with contaminated trashfish, it is 
essential to identify the sources  of trashfish. The presumption here is that farmers who 
(have the means to) buy their trashfish directly from the landing port are able to obtain 
better-quality feed than those who rely on merchants or other farmers to supply them with 
trashfish. This, in turn, highlights the importance of the scale of farming operation (or size 
of fish farm), the ownership and use of farm-owned transportation. Our survey revealed 
that about 50% of the farms in each location purchased their trashfish directly from the 
Mahachai landing port, 40% relied on local merchants-mainly  large-scale catfish farmers-and 
the rest bought feed from provincial traders (Table 7). 
Feeding rates 
Feeding rates affect both fish growth and fish mortality. At both very low and very 
high feeding rates, mortality occurs because of starvation and water pollution, respectively. 
In between, there is a wide spectrum of feeding rates which result in varying growth rates. 
Within this range,  as the feeding rate increases, both growth and cost rise. At high feeding 
rates, cost rises relatively faster than growth as feed conversion ratios worsen (it  takes in- 
creasing quantities of feed to produce an additional unit of body-weight  when growth rates 
are already high) and oxygen depletion problems occur, requiring higher fuel costs to main- 
tain a given level of water quality. Thus, there is an optimum feeding rate per unit of time 
depending on the size and growth of fish as well as an overall feeding rate per unit of pond 
area during the entire growing period that maximizes the net value of the operation. This 
latter rate should be determined simultaneously with the stocking and harvesting times. 
About two-thirds of the sampled fish farmers determined their feeding rate through 
observation of feed consumption (Table 7). This trial-and-error method carries with it the 
danger of overfeeding with consequent waste and low oxygen levels. 
To deal with these problems one-third of the farmers determined the daily quantity 
according to the age  of the fish, for example, starting at 0.2  gm per fingerling after stocking 
and increasing the feed daily at such a rate that it roughly doubles every two weeks. The 
problem with this practice is that, besides age  and feed, it makes no allowance for other 
factors, such as stocking density and water quality, which affect growth and hence feed 
requirements. Another approach for determining feeding rates is the officially recommended 
formula of 5% of body weight per day; however, only one farmer in Nakhon Nayok and no 
farmer in Suphan Buri used this formula (Table 7). The major problem with this method 
is the difficulty in  estimating the biomass and average weight. It  is worth noting for com- 
parison that catfish farmers in Alabama used analogous formulas:  53% used consumption 
methods; 25% used agecharts and the rest used either 3% of body weight or simply made 
guesses as to the appropriate feeding rate (Adrian and McCoy 1972). Table 7.  Feeding practices and problems in 41 catfish farms in  Suphan Buri and Nakhon Nayok Provinces of Thailand, 
1979. 
Suphan Buri  Nakhon Nayok  Total 
No.  No.  No. 
l tem  farms  %  farms  %  farms  % 
Feed content 
Trashfish 
Trashfish and rice bran 
Trashfish, rice bran and broken rice 
Source of trashfish 
Local merchantslfarmers 
Directly from landing port1 
Provincial merchants 




Others (e.g.,  imitation of neighbors) 
Determination  of daily quantity 
Change according to age of fish 
5% of fish weight 
Observation of feed consumption 

















Intention to use artificial feed as  a substitute 
for trashfish 
Yes,  because 
difficult to get trashfish 
save  labor 
grow faster 
No, because of 
lack of information 
high cost 
cannot substitute (does not work) 
The farmers' response to increasing trashfish prices 
1.  Feed combination (short-run) 
Change 
No change 




From fish merchants at Mahachai landing port. Independently of the formula used to determine the appropriate feeding rate, mos 
farmers tried to avoid daily rates in excess of 0.5 kg of feed/m2 as  higher rates were believed 
to result in  water pollution. While there were only 4 farmers in Suphan Buri and 2 in Nakhon 
Nayok who averaged a higher daily feeding rate over the culture period, more must have 
done so  during the last few weeks of culture, especially those with high stocking and high 
survival rates. The average daily feeding rate, over the culture period, was  0.39  kg/m2 in 
Suphan Buri and only 0.16 kg/m2 in Nakhon Nayok (Table 11). 
Manufactured  feed as  a substitute for trashfish 
Considering the rising costs of trashfish and the problems associated with its  use we 
investigated farmers' response to changing prices and their attitudes towards using manu- 
factured feed as  a substitute. Although 5 farmers in Suphan Buri were already using some 
manufactured feed along with the conventional feed-mix, only 1 farmer thought that this 
type of feed could be used as a substitute for trashfish. Over 50% of the sampled farmers 
in this province stated categorically that they are convinced that "it won't work."  Half as 
many admitted total ignorance, while 4 farmers considered the cost of manufactured food 
too high to replace trashfish (Table 7). 
Farmers in Nakhon Nayok were more optimistic. Although only 3 farmers were using 
manufactured feed as a supplement at  the time, as  many as  13 farmers thought a subtitu- 
tion might be workable but 8 of them pointed to its  high cost as a discouraging factor. 
Only 2 farmers rejected the idea as  unworkable; 3 admitted ignorance. It is somewhat sur- 
prising that those who expressed the intention to substitute artificial feed for trashfish 
gave  as  justification saving labor and difficulties in obtaining trashfish rather than water 
pollution, of which they complained earlier, apparently anticipating continuation  of pollu- 
tion problems even after the substitution. 
Farmers'  response to rising trashfish prices was  overwhelmingly (75%) in favor of 
maintaining the present feed combination unchanged. However,  50% added that if the 
price of trashfish keeps rising, they will quit the business altogether. More of the farmers 
in Nakhon Nayok (44%)  than in Suphan Buri (30%)  were determined to continue catfish 
farming under a situation of escalating trashfish prices (Table 7). 
DISEASE AND TREATMENT 
In  catfish culture, diseases tend to  spread relatively easily because of (a) the high density 
of stocking and intensity of feeding in a limited water area,  (b)  the proliferation of disease 
agents through the common water source, between ponds, farms and locations, (c) the 
type of feed used and (d) the high vulnerability of the species. As a result, the risk of a 
complete loss of a crop tends to be higher than in other agricultural activities. Moreover, 
externality problems arise when upstream farms release contaminated water into the main 
water source, spreading diseases and parasites downstream. Mortality also tends to be high, 
especially during the first few weeks after stocking,  because of parasites carried by the 
fingerlings from the hatcheries to the rearing ponds. Another cause of disease and mortality 
may be contaminated trashfish and inappropriate feed-mix. 
Only 4 farmers, all from Nakhon Nayok, reported no disease problems. The predomi- 
nant disease symptom, reported by 56% of all farmers, was a combination of lesions and 
swelling of the area near the pectoral fin base (Table 8). These symptoms were observed by 
83% of Suphan Buri farmers and only 22% of those in Nakhon Nayok, where the most common symptom was swelling in  the area near the pectoral fin without the appearance of 
lesions. Three farmers in Suphan Buri reported a similar problem while 2 farmers in Nakhon 
Nayok reported incidences of abdominal dropsy. 
Farmers' reaction to the appearance of disease symptoms was overwhelmingly in favor 
of medi~ation.~  About 80% of all sampled farmers reported using some medicine in the 
feed such as terramycin, or oxytetracycline in the case of disease and treatment with for- 
malin in the case of parasites. From the 19 farmers in Suphan Buri using medication only 
12 were convinced of its effectiveness, while in Nakhon Nayok all 13 farmers using medica- 
tion thought it was effective (Table 8). The few who used no medication (because they were 
convinced of its ineffectiveness) confined their treatment to removal of the infected fish 
(1 farmer in Nakhon Nayok) and change of the water (2 farmers in Suphan Buri). 
While such was their immediate (current crop) reaction to  disease,  in the long-run (new 
crop) farmers favor a combination of medication and higher stocking rates to compensate 
for expected mortality. Many Suphan Buri farmers, being unconvinced of the effectiveness 
of medication, were relying more heavily on higher stocking rates to compensate for high 
mortality. Over 80% of all farmers, however, had or were prepared to apply, salt and lime as 
preventativelcu  rative measures3 (Table 8). 
In  terms of  medical expenses Suphan Buri farmers spent almost eight times as  much 
per m2 of pond area and three times as much per kg of fish produced as  Nakhon Nayok 
farmers. However, in terms of fuel mainly for water changes, the latter consumed twice as 
I  much per m2, five times as  much per fingerling and almost seven times as  much per kg of 
feed used as  the former (see Table 12 below). This comparison suggests the possibility of 
substitution between medication and water change; as  shown in  Table 8,  disease was  less 
prevalent in Nakhon Nayok (78%)  than in Suphan Buri (lOm). 
The principal sources of information on treatment were neighbors, involving about 
45% of the farmers in each location. This fact might be responsible for the observed duplica- 
tion of misguided practices such as  the increase of the already high stocking rates to com- 
pensate for high mortality. About 25% of the farmers obtained information on disease 
treatment from merchants and 1  Wo  from government officials, as  shown in Table 8. 
On the subject of government assistance,  more than half of the farmers in Nakhon 
Nayok and about one-third of those in  Suphan Buri reported obtaining some service from 
the Provincial Fishery Station. The lower figure for Suphan Buri might be due to the fact 
that only recently has a fishery station begun operating in that province. 
HARVEST AND MARKET OUTLETS 
,  The culture period ranged between 2 and 8 months, averaging 4.1  months in  Suphan 
Buri and 3.6  months in Nakhon Nayok (Table 11). Two-thirds  of the farmers,  however, 
were in favor of shorter culture, 34  months in Suphan Buri and 2-3 months in Nakhon 
Nayok. Buyers usually carried out the harvesting. Within each location, there was no clear 
relationship between length of culture period and yield in terms of weight/m2. For instance, 
the two most successful farmers in  each location kept the fish in the pond for the same 
length of time as the two least successful farmers. As we  have seen earlier, the main factors 
determining the timing and length of culture period were the availability of fry and water, 
 his  does not mean that they did not take other steps such as  change of water, but that they consider medication 
as  more important in this respect. 
3~he  farmers did not regard salt and lime to be medication as  such, but a part of the general preparation of the 
pond for stocking. Table 8. Disease and treatment in 41 catfish farms in  Suphan 8uri  and Nakhon Nayok Provinces of Thailand,  1979. 
Suphan Buri  Nakhon Nayok  Total 
No.  No.  No. 
Item  farms  %  farms  %  farms  % 
Types of disease 
Hemorrhagic septicemia 
Swelling in  the area near the pectoral'fin 
Lesion 
Both swelling and lesion 
Abdominal dropsy 
No  disease 
Treatment (current crop) 
Medication 
Remove infected fish 
Change water 
None 
Efficiency of medical treatment 
Effective 
Ineffective 
Not  certain 
Response to  disease:  medical treatment vs.  higher 
stocking rates1 
Higher stocking rate 
Both (with emphasis on  stocking) 
Both (equally) 
Not  certain 












Service from fishery station 
Yes 
No 
'includes both higher stocking rates in  anticipation of  mortality as well as  replacement after mortality occurs (if  during 
the first few weeks of  the culture period). 
'includes 3 farmers who had no  disease problems but  were taking precautionary measures. 
the expected behavior of catfish prices through the year and th'e time necessary to raise the 
stocked fingerlings to marketable size given the intensity of culture practiced. Market size 
is 200  to 250  g. 
Once the fish has reached a marketable size, the optimum harvesting time should depend 
on the (marginal) benefit from keeping the fish one more day in the pond compared to  the 
corresponding marginal cost in terms of feed, foregone interest, the probability of disease, and possible delay of the next crop. On the other hand, factors such as  availability of buyers, 
preemptive marketing arrangement with creditors, and need for cash may limit the farmer's 
choice of optimum harvesting time on strictly economic factors. 
More than 90% of the sampled farmers decided on harvesting time on the basis of the 
average size of fish in the pond. Only 3 farmers were using the price of fish as  the main 
criterion (Table 10).  There are good reasons for this approach. First, catfish prices reach a 
peak  at mid-year and remain fairly stable during the main harvesting months. Over the 
period 1967-79, catfish prices averaged 14.28 baht per kilogram in June,  14.37 baht in July 
and August 14.58 baht. Also, when catfish reach marketable size of about 200 g,  their unit 
price does  not increase in proportion to size of fish harvested; considerably larger fish 
(400 g) do command a higher price but the feed requirements are considerable and rising 
while growth rate slows down. Thus, the size of fish is a good proxy of the economics of 
harvesting time as it embodies both price and cost considerations.  Fear of disease  and 
the necessity to purchase feed on credit, however, may bias the choice in favor of an early 
harvest. 
Over 90% of the farmers harvested their crop by draining the ponds; the rest used nets. 
The advantage of the first method is its low harvesting cost (especially labor) while the 
second allows selective harvesting. 
As catfish have been in short supply in recent years while demand has risen steadily, 
there has been no shortage of buyers. Less than 20% of the farmers sold to a particular 
buyer because of some obligation, such as debt and or purchase of inputs on credit as shown 
in Table 9. 
There was  a variety of market outlets ranging from local trashfish suppliers through 
wholesalers to the Fish Marketing Organization (FMO).  The dominant outlets for Suphan 
Buri catfish production were the local trashfish suppliers (30%), the provincial wholesalers 
(22%)  and wholesalers from other provinces (17%).  In  the case of Nakhon Nayok, 50% of 
the farmers sold the bulk of their crop to wholesalers from other provinces (other than their 
own or Bangkok); 22% sold to local trashfish suppliers and 17%  to FMO. The role of Bang- 
kok wholesalers was very limited. Only 2 farmers, one in each location did any fish pro- 
cessing (fermentation) at home (Table 9). 
All but one of the Suphan Buri farmers were content with the price they received, 
compared to 60% in Nakhon Nayok. No significant differences were found between the two 
locations with regard to type of payment; about 60% of the farmers were paid in cash, 30% 
on credit, and the rest a combination of the two. Again, the main sources of market infor- 
mation on catfish prices were merchants and neighbors, as shown in Table 9. 
There was no significant difference in catfish prices between the two location:  prices 
ranged between 13.00 and 22.00 bahtlkg in each location, averaging 18.50 baht in  Suphan 
Buri and 16.90 baht in Nakhon Nayok. The weighted average was  19.41  baht in the former 
and 19.69 bahtlkg in the latter. 
As expected, the intensive culture of Suphan Buri gave a higher average yield, 9.56 kg/ 
m2, than the extensive culture of Nakhon Nayok, 4.06 kg/m2 (Table 11).The variances were 
large, since the yield ranged from 1.7  kg to 20.3  kg/m2 in the former and from 0.1 kg to 
12.2 kg/m2 in the latter. 
CREDIT 
More than 50% of sampled farmers had borrowed funds towards financing their catfish 
farming operations. The percentage was somewhat higher for Nakhon Nayok where many 
farmers relied more on trashfish suppliers than on banking institutions for loans and (hence) Table 9. Harvest and sale of fish produced in  41  catfish farms in  Suphan Buri and iiakhon Nayok Provinces of Thailand, 
1979. 
Suphan Buri  Nakhon Nayok  Total 
No.  No.  No. 
Item  farms  %  farms  %  farms  % 
Harvesting method 
By draining the pond 
Using net 
Main factor determining harvesting  time 
Fish size 
Fish price 
Fish processing (fermentation) 
Yes 
No 
Catfish buyers (major buyers) 
Local trashfish supplier 
Provincial trashfish supplier 
Fish Marketing Organization 
Bangkok wholesaler 
Provincial wholesaler 













Both (more than one sale) 
Sources of price information 
Merchant 
Neighbor 
Fish Marketing Organization 
Town market 
had to  pay non-institutional  interest rates of 15 to 36%. In contrast, Suphan Buri farmers 
borrowed mainly from banks, paying the institutional rates of 12 to 15% (Table 10). 
About two-thirds of the sampled Suphan Buri farmers and half of those in Nakhon 
Nayok reported no need for borrowing in the near future. Three farmers in each location 
were seeking small loans up to 100,000 baht, while 5 farmers in each location were seeking 
medium, up to 500,000  baht and large loans, over 500,000 baht. Table 10. Current loans and credit needs of  41 catfish farms in  Suphan Buri and Nakhon Nayok Provinces of Thailand, 
1979. 
Suphan Buri  Nakhon Nayok  Total 
No.  No.  NO. 
l  tem  farms  %  farms  %  farms  % 




Sources of credit 
Banking institution 
Trash  fish suppliers, etc. 
Both 
Interest rate 
1.  Institutional 
12% 
15% 
2.  Non-institutional 
<  15% 
15-24% 
>  24% 
Required credit 
None  15  65  9  50  24  59 
<  100,000 baht  3  13  3  17  6  15 
100,000500,000  baht  5  22  1  6  6  15 
>  500,000 baht  -  -  5  28  5  12 
Table 11. Average yield and input use by location in  40 catfish farms in  Suphan Buri and Nakhon Nayok, Thailand, 1979. 
l  tem  Suphan Buri  Nakhon Nayok  Average 
Sample size 
Average farm size (m2 pond area) 
Average yield ( kglm2) 
Stocking rate (fingerlingslm2) 
Feeding rate (kglm2/crop) 
Feedlstocking ratio (kglfingerling) 
Feed-mix:  - trash  fish (% by weight) 
rice bran (% by weight) 
broken rice (% by weight) 
Artificial feed (baht/m2) 
Conversion ratio (feedlyield) 
Survival rate (%) 
Medicine (bahtlm2) 
Fuel use:  (liters/m2) 
(liters1100 fingerlings) 
(liters1100 kg feed) 
Family labor (man-hourslm2) 
Pond investment (bahtlm2) 
Investment in  facilities (bahtlm2) 
Culture period (months) 
Cropping intensity (cropslyear) 
Farmers' experience (years) Thailand Catfish Farming in Pictures 
Photographs by the authors 
Clarias batrachus, the  most commonly cultured catfish 
in  Thailand. 
Clarias macrocephalus, another species of catfish found 
in natural freshwater sources. Only a few farms culture 
it because fry are scarce. 
catfish to spawn up to 10 times during a year. 
Holes  are  dug along the dike to provide nests for the 
breeding fish. 
This nursery  is I-m  deep  at  one  end  and  1.5 m at the 
other  to allow draining of water. When  full the'water 
level in  the pond is between 25 and 50 cm. 
Fingerlings are gathered by net for distribution to  catfish 
farms throughout the country. Trashfish,  the major component of feed,  is delivered to 
the farm every day. 
Boiled broken rice, another component of catfish feed. 
Ground feed consists of boiled trashfish, broken rice and 
rice bran at an average mixture of 7: 1:2. 
Manufactured feed for fry and fingerlings is also produced 
by several firms. Few farms were  using it at the time of 
the study. Integrated  catfish  farm  with  chicken  house  over  the 
pond. 
Feeding of catfish is usually done by hand. 
Diseased  fish  are  sent  to  the  National Inland Fishery 
Institute (NIFI) for inspection. 
Pig  sty  and  adjacent pond. Some  large  farms integrate 
pig and fish farming. 
Pumping water  is a significant,  but important, expense 
item. 
A  large  farm  near  Bangkok, which produces more than 
20 species of fish. Harvesting: scooping fish from the pond after pumping 
out the water. 
-- 
Weighing the catch: a basket contains about 65 kg of fish. 
Harvesting by  nets  in large  ponds.  It requires  several 
days to harvest by this method. 
Fish are  then transferred to a metal container (inside the 
timber frame) before adding water. 
After harvesting, the fish are graded. 
- 
The fish are then transported alive to the market by truck. Cost Structure and Profitability 
YIELD AND INPUT USE 
A summary comparison of  yield and input use for the two locations, each representing 
a different type of culture, is given in  Table 11. Farmers in Suphan Buri, having more expe- 
rience, smaller pond area per farm and 2.5  times higher land value than farmers in Nakhon 
Nayok, practiced relatively intensive culture. Also, the superior water control in Suphan 
Buri allowed a longer culture period, resulting in more weight per harvested fish. 
Farmers practicing intensive culture used feed with proportionately more protein and 
less carbohydrates  than for extensive culture, but the food conversion ratio was 1.3 times 
higher (poorer), a result due only partially to  the lower survival rate under intensive culture. 
Suphan Buri farmers used about 8 times more rnedicine/m2 and 3 times more medicine1 
fingerling than Nakhon Nayok farmers, who used more fuel (2 and 6 times respectively) for 
water changes. The two types of culture did not differ substantially in the use of family 
labor per fingerling or in pond investment. However, intensiveculture farmers invested in 
building  and equipment  2.5  times more per unit  area than farmers practicingextensive  culture. 
In  summary, Suphan Buri's more intensive culture gave a higher yield, but a lower sur- 
vival rate and a poorer food conversion ratio. 
COST STRUCTURE 
Costs have been classified here into three broad categories: (i) 'cash'  costs which vary 
with input use during the rearing period; (ii)  fixed 'cash'  costs which are independent of 
operation; and (iii) imputed or opportunity costs of owned inputs, which may be fixed or 
variable. This breakdown of costs was adopted in order to emphasize the distinction be- 
tween outlays and imputed costs-or  between that part of revenue which cannot be re- 
garded as  income to  be consumed without impairing future operations-and  that part of 
revenue that consists of payments to owned factors of production and hence constitutes 
farm income. The distinction between variable and fixed costs underlines the difference in 
decision rules between different planning horizons: in the short-run (say one season), fish 
farms would continue to operate as  long as  they cover their average variable costs; over the 
long-run operations would continue only if both variable and fixed costs are covered. 
It  was found, however, that variable cash costs dominate the cost structure of catfish 
farming to such a degree that all other costs are of relatively minor importance. Variable 
'cash'  costs accounted for over 9%  of total costs,  while other costs were about evenly 
divided between fixed 'cash'  costs and imputed costs. As expected, the share of variable 
costs was higher under intensive culture: 94.1 % (of total costs) in Suphan Buri compared 
to 90.6% in Nakhon Nayok (Table 12). These findings are in agreement with earlier studies 
on catfish farming in  Thailand but they contrast with catfish farming,elsewhere, as  well as 
27 Table 12. Cost structure of 40  farms in  Suphan Buri and Nakhon Nayok, Thailand, 1979, based on Tables 13 and 14. 
% of subtotal cost  % of total cost 
Cost item  Suphan Buri  Nakhon Nayok  Average  Suphan Buri  Nakhon Nayok  Average 
Variable costs 
Fingerlings  11.8  13.2 
Feed  78.0  72.8 
-trashfish  61.4  43.6 
-rice  bran  7.9  4.8 
-broken  rice  8.0  16.6 
-artificial  feed and vitamins  0.6  0.7 
Fuel 
Hired labor 
Medicine, ch micals, etc. 
Maintenance 'i 
lnterest on  operating capital 
Total 
Fixed costs 
Depreciation of ponds 
Depreciation of facilities  2 








Includes only maintenance of buildings, machinery and equipment; pond maintenance  consisted mainly of  labor costs. 
"~acilities' include buildings, machinery and equipment (Table 13). 
with other farming activities in Thailand. For instance, Adrian and McCoy (1972) report 
that operating costs for channel catfish farming in Alabama,  U.S.A.,  accounted for only 80% 
of total costs. This difference is partly due to the different seed  and feed requirements 
of the particular catfish species cultured there and partly due to the rather primitive struc- 
ture sf ponds and other farm facilities and equipment in Thailand.  In the case  of rice, 
usual/y the next best alternative to fish farming in Thailand, variable cash costs accounted 
for less than a fourth of total costs per unit of land area in 1975176 (Division of Agricultural 
Economics 1977b). These differences underline the high sensitivity of catfish farming opera- 
tions in Thailand to the variability of output and variable input prices. Moreover, unlike 
the cultivation of rice which is land and labor intensive, catfish farming makes little use of 
the farmer's  owned factors of production (land and family labor), while it  demands large 
amounts of cash  or credit (as well as technical knowledge and management), often the 
farmers'  most scarce resources. The variable costs of putting one rai (0.1 5 ha) of land to 
rice were less than 3,000  baht, while rearing catfish in  a pond of the same size required on 
the average over 250,000 baht in variable costs (Table 17) of which over 75%  was  expended 
on feed alone. The rest was divided between seed (12%), interest on operating capital (5%), 
fuel (3W,  maintenance (2%), and hired labor (1.5%). Expenses on medicine and chemicals 
were rather negligible (Table 12). 
Farmers in Suphan Buri spent proportionately more on feed,  particularly trashfish, 
and on maintenance while those  in Nakhon Nayok spent proportionately more on fuel, Table 13. Average capital and land investment (in  baht) per square meter of pond area and per kilogram of fish produced 
from one crop at 40 catfish farms in Suphan Buri and Nakhon Nayok, Thailand, 1979. 
lnvestmentlm2  of pond  lnvestmentlkg of fish 
Suphan  Nakhon  Suphan  Nakhon 
Items  Buri  Nayok  Average  Buri  Nayok  Average 
Buildings, machinery and equipment 
Feed mixer and grinder 
Motor and pump 
Pan 
Spade, hoe,  container and net 
Motorcycle and bicycle 
Truck and car 
Shelter and storage 
Total building and equipment 
Pond construction 
Total capital investment 
Land investment 
Total investment 
US$1 = 20.30 baht (1979). 
Table 14. Average expected economic life and percentage use in catfish farming of capital assets at 40 catfish farms in 
Suphan Buri and Nakhon Nayok, Thailand, 1979.  / 
I  tems 
Expected economic life (years)  Percentage catfish use 
Suphan Buri  Nakhon Nayok  Average  Suphan Buri  Nakhon Nayok  Average 
Equipment and facilities 
Feed mixer and grinder 
Motor and pump 








Spade and hoe 
Pond 
hired labor and medicine. It is notable that in the extensive culture of Nakhon Nayok trash- 
fish accounted for only 39.5% of total costs and broken rice for as much as  15%  while in the 
intensive culture of Suphan Buri the proportions were 57.8% and 7.6% respectively. 
Fixed costs, comprised of depreciation of ponds (1  I%),  depreciation of facilities and 
equipment (62%)  and interest on debt (27%),  averaged a mere 3.4% of total cost, being 
higher under extensive culture as expected (Table 12). Theaverage farm under each type of 
culture spent slightly less than 10,000  baht on fixed costs (Table 17). Capital investment 
was relatively low, 60,376  baht per farm, when compared to the annual operating cost of 
269,770  baht per farm. Intensive culture was more capital intensive than average in terms of 
total capital expenditure, and even more so  in  terms of  expenditure per unit of land area. 
Investment per square meter of pond area stocked and per kilogram of fish produced are 
shown in Table 13. The expected economic life and percentage use  in catfish farming of 
capital assets are given in Table 14. Table 15. Average cost in  baht1 per square meter of pond area and per kilogram af  fish in  40  catfish farms in  Suphan.Buri 
and Nakhon Nayok, Thailand, 1979. 
Per square meter of pond area  Per kilogram of fish 
Suphan  Nakhon  Suphan  Nakhon 
Cost item  Buri  Nayok  Average  Buri  Nayok  Average 
Sample size 
Average pond area (m2/farm) 
Average yield (gramslm2) 
Variable costs (V) 
Fingerlings 
Feed 
Fuel and electricity 
Hired labor 
Medicine, chemicals, etc. 
klaintenance2 
Interest on operating capital 
Total 
(Standard deviationI3 
Fixed costs (F) 
Depreciation of pond 
Depreciation of facilities4 
lnterest on debt 
Total 
(Standard deviation) 
Owned inputs (opportunity  costs) 
Family labor (V') 
Interest on fixed capital (F') 





'US$I  = 20.30 baht (1979). 
'includes only maintenance  of buildings, machinery and equipment. Pond maintenance  consisted mainly of labor costs. 
3~tandard  deviations refer to  the entries immediately above them. 
4'~acilities' include buildings, machinery and equipment (see Table 14). 
Notation: V and F refer respectively to  variable and fixed costs which cannot be regarded as  income to  be consumed with- 
out impairing future operations. V' and F',  on the other hand, refer respectively to  variable and fixed costs which consist 
of payments to  owned factors of production and hence constitute net family income. 
The opportunity cost of owned inputs of land, family labor and fixed capital (i.e., 
what these factors could earn in their next best alternative) was relatively minor, accounting 
for only 3.5% of total costs. The average farm practicing  extensive culture utilized owned 
inputs valued at 7,594 baht compared to 12,348  baht under intensive culture but the former 
was a higher percentage of corresponding total costs partly because of the use of relatively 
more land (Table 12). Total investment including land was 85,667  baht per farm, still only a 
fraction of the operating costs for a single crop (Table 17). 
This total cost picture is translated into average terms, that is,  per unit of pond area 
stocked and per unit of output produced, in Table 15. To farm one square meter of pond 
area under intensive culture required 149.64 baht in variable costs, 4.1 4 in fixed costs, and 
5.23 in opportunity cost of inputs. The corresponding figures under extensive culture are 
53.65  baht, 3.1 3 baht and 2.43  baht. In total,  159 baht/m2 was  spent under intensive 
culture to obtain an average yield of 9.56 kg/m2 compared with only 59 baht/m2 under Table 16. Average revenues, costs and returns in baht1 per square meter of pond area and per kilogram of fish produced 
from one crop at 40 catfish farms in Suphan Buri and Nakhon Nayok, Thailand,  1979. 
Per square meter of pond area  Per  kilogram of fish 
Suphan  Nakhon  Suphan  Nakhon 
Cost and return item  Buri  Nayok  Average  Buri  Nayok  Average 
Sample size  22  18  22  18 
Average pond area (m2/farm)  2,361  3,125  2,705  2,361  3,125  2,705 




Variable costs (V)  149.64  53.65  99.73  15.66  13.21  14.81 
Fixed costs (F)  4.14  3.1 3  3.63  0.44  0.77  0.55 
Opportunity costs, owned inputs  6.23  2.43  3.78  0.56  0.6 1  0.60 
Total costs  159.01  59.21  107.14  16.66  14.59  15.7 
(Standard deviatiod2  (1  00.6)  (63.7)  (98.5)  (18.5)  (1  7.4)  (17.9) 
Returns 
Operating profit3  35.87  26.28  30.89  3.75  6.48  4.69 
Net income4  31.73  23.15  27.26  3.31  5.71  4.14 
Return to capital and management  28.82  21.80  25.16  3.00  5.37  3.80 
Net profit5  26.50  20.72  13.76  2.75  5.10  3.54 
(Standard  deviationI5  (99.0)  (35.8)  (71.11  (19.4)  (1  7.6)  (18.4) 
US$I  = 20.30 baht (1979). 
2~tandard  deviations refer to the entries immediately above them. 
30perating  profit = gross revenues -  variable costs (V). 
4~et  income 5  return to owned inputs = operating profit -  fixed costs (F). 
5~et  profit Z  return to management = gross revenues -  total costs. 
extensive culture for a yield of 4.06 kg/m2. This meant that with all costs taken into account 
it was cheaper on average to produce a kilogram of fish by extensive culture (14.59 baht/kg) 
than by intensive culture (16.66 baht/kg). In  the cases of costs both per unit of pond area 
and per unit of output, dispersion around the mean was significant. 
PROFITABILITY 
There are various concepts of profitability depending on what costs are deducted from 
gross revenues. As shown in Table 16, the average farm in Suphan Buri had total receipts of 
437,989  baht compared with 247,969  baht in Nakhon Nayok. On average,  this meant, 
respectively,  185.51 baht and 79.93 baht/m2 of pond area stocked and  19.41 baht and 
19.69 baht/kg of fish produced. Since there was no significant difference in the price of 
fish obtained in the two locations or under the two different types of culture, virtually 
the entire difference in gross revenues can be explained by the difference in yield. 
The first indicator of profitability is operating profit defined as  gross revenues minus 
variable costs. Positive operating profit ensures continuation  of operations in  the short-run, 
i.e.,  as  long as  fixed assets cannot be liquidated without undue loss, or in the present case, 
as  long as  switching to another farming activity is not possible. The operating profit per 
farm was positive and not significantly different between the two locations. The average 
farm earned 84,689  baht or 19% of gross revenues in Suphan Buri and 82,125 baht or 33% 
of gross revenues in Nakhon Nayok. In  terms of operating profit per unit of land area,  the 
former was  1.4 times more profitable, while in terms of operating profit per unit of output Table 17. Total revenues, costs and rates of return in  baht1 per farm in  40  catfish farms in  Suphan Buri and Nakhon Nayok, 
Thailand, 1979. 
Cost and return item  Suphan Buri  Nakhon Nayok  Average 
Sample size 









Net farm income3 
Return to land, capital and management 
Return to  capital and management 
Net profit4 
l  nvestment 
Capital investment (CI) 
Total investment (TI) 
Rates of return (%I 
Rate of return to c15 
Rate of return to  TI^ 
Ratio of  net profits  to  variable costs (x 100) 
Ratio of net profits to  gross revenues (x 100) 
'US$I  = 20.30 baht (1979). 
20perating profit = gross revenues -  variable costs (V). 
3~et  farm income f  return to  owned inputs = operating profit -  fixed costs (F). 
4~et  profit  return to management = gross revenues -  total costs. 
 ate  of return to  capital investment = (return to  capital and managementlcapital investment) x 100. 
%ate  of retum to  total investment = (return to  land, capital and managementltotal investment) x 100. 
the latter was  1.7 times more profitable, reflecting the difference in intensity of culture 
(Table 16). 
Another concept of profitability is that of net income defined as  the return to owned 
factors of production, and calculated as  operating profit net of fixed costs. The significance 
of this concept is that it can be consumed or saved without impairing the economic unit's 
ability to operate in  the future. The net income in this case  is  again positive and in the 
neighborhood of 73,000  baht per farm. Much the same comparative picture as  with operating 
profit holdsbetween the two locations as a result of the relative insignificance of fixed costs. 
Last, net profit or retum to management can be calculated as  gross revenues minus 
total costs. Net profit is the indicator of profitability and prospects of operation over the 
long-run. Non-negative net profit is a requirement for long-term viability of the operation. 
Again, we  found that on the average net profit per farm is positive and in absolute amount 
not significantly different between the two types of  culture or locations. The average farm 
in Suphan Buri earned a net profit of 62,507  baht or 14% of gross revenues while in Nakhon 
Nayok the corresponding profit figure was 64,750  baht or 26% (Table 17). The average 
farmer earned a net profit of 26.50  baht/m2 of pond area stocked of 2.75  baht/kg of fish 
produced, while the latter earned 20.72  baht/m2 or 5.10Ikg of fish (Table 16). Thus, 
extensive culture was twice as profitable per unit of output but less profitable per unit of land. As to the deviation from the mean profit value, the dispersion was considerably larger 
in the case of intensive culture. 
The average catfish farm in both locations earned a multiple of the average net farm 
income in the country, 10,500  baht in 1975 (Division of Agricultural Economics 1979). 
Moreover, catfish farming was at least as  profitable as  other investments. The average catfish 
farm earned 113%  on capital investment (not including land) or 81% on total investment 
compared to the opportunity cost of capital (interest rate) which did not exceed 15% in 
1979. 
However, catfish farming is considerably more risky than other types of investment. 
While our data include both successful and unsuccessful farms, thus making some allowance 
for the risk element, it  should also be taken into account that 1979 was a rather good year 
for catfish farming in Thailand. Even if we  allow (arbitrarily) for a 50% probability of 
obtaining a profit less than the 1979 figure, catfish farming still appears, on the overage, 
quite profitable. Since catfish culture uses  relatively modest amounts of fixed capital in 
comparison to its operating capital requirements, an alternative index of its  profitability is 
the ratio of net profits to variable costs which was  as high as 23.5%, that is,  in addition to  a 
normal return on fixed capital, a 23.5% return on short-term (4-6  months) investments was 
obtained. Alternatively, net profits accounted for 18% of gross revenues,  i.e.,  for every 
dollar received from the sale of fish 18 cents was  net profit (Table 17). 
Although there was  little difference in the absolute value of net profits per farm be- 
tween the two locations, Nakhon Nayok farmers earned a return on capital investment 
1.6 times higher than Suphan Buri farmers because the former use a less capital-intensive 
culture method. When land is also taken into account, the return differential between the 
two locations is somewhat reduced because of the land-saving nature of intensive culture. 
However, it was not eliminated since land has a higher value in Suphan Buri. Moreover, 
the low variable-input use in the case  of Nakhon Nayok meant lower operating capital per 
farm (despite the larger pond area) and hence a ratio of net profits to variable costs (38.6%) 
double that of Suphan Buri (1  7.7%). 
SUMMARY OF COST AND PROFITABILITY FINDINGS 
Our main findings on costs and profits in catfish farming in the two sampled provinces 
may be summarized as follows: 
(1) Intensive culture gives a higher yield in terms of output per unit area but lower 
survival rate and worse feed conversion ratio. 
(2) Farmers practicing intensive culture tend to use more medicine and less fuel for 
water changes,  partly due to the better drainage system of ponds in Suphan Buri than in 
Nakhon Nayok. There is also a tendency under intensive culture to practice higher feeding 
rates per fingerling and to feed more protein and less carbohydrates than under extensive 
culture. 
(3)  Variable costs in general and feeding costs in particular dominate the cost structure 
of catfish farming. Under intensive culture, feeding costs account for three-fourths  of total 
costs with trashfish being the most important feed item, accounting for 78% of feeding 
costs.  Extensive culture is less feed-intensive; feed accounts for only two-thirds of total 
costs and trashfish for only 60% of feeding costs. Stocking costs constitute the next most 
important cost item, accounting for about 11%  of total costs. By comparison expenses on 
labor, land and fixed assets are minor. 
(4) As a corollary of the above cost structure, it may be said that under present tech- 
nology and the prevailing economic conditions in  Thailand, catfish farming does not fit the 
situation of the average Thai farmer, as it uses very little of the farmer's own factors of pro- duction (land and family labor) and requires enormous amounts of operating (risk) capital- 
far beyond the capacity of the average farmer. Unless considerable credit becomes available, 
with due allowance for the uncertainties involved, there is little hope that catfish farming 
will expand significantly in the future. 
(5) Catfish were produced 12%  cheaper under extensive than intensive culture, and they 
were sold at about the same price. As a result, the profit  margin in  Nakhan Nayok was about 
85% higher than in Suphan Buri. However, intensive culture had the highest net profit per 
unit of land area. Overall, because of the higher yield in Suphan Buri and the larger farm 
size in Nakhon Nayok, the total net profits per farm in the two locations were at about the 
same level. However, the highest rates of return to capital investment and operating capital 
were obtained under extensive culture. 
In conclusion, extensive culture appears somewhat superior in  that it economizes on 
scarce capital (both fixed and operating), uses more and cheaper land and produces catfish 
at the least cost.  Both types of culture,  however,  appear to have provided the farmers, 
on the average, with excess profits over and above the opportunity cost of capital (normal 
return) in investments of comparable risk. The Role of Farm Size and Experience 
While catfish farming appears to be,  on the average, profitable it would be appropriate 
to examine whether the reported average figures are representative of individual farms or 
merely the result of averaging profitable and unprofitable farms. We have already noted that 
the standard deviations in relation to the corresponding means are significantly higher in the 
case of profit than in the case of either cost or gross revenues (Table 15). This issue is dis- 
cussed below. 
Farm size, as  measured by total pond area,  might have an effect on yields, cost struc- 
ture and profitability because of either differences in management or economies of scale. 
Similarly, farmers' experience in catfish farming is likely to be a significant factor in this 
new industry with its heavy requirements of technical knowledge and managerial ability. 
THE ROLE OF FARM SIZE 
The forty sampled farms were classified according  to  their total pond area under catfish 
into small (1,000 m2 or less),  medium (between 1,001  and 3,000  m2) and large (over 
3,000  m2).  The sample comprised 12 small, 15 medium and 13 large farms.4 The average 
yield and input use by size of farm are given in Table 18. The highest average yield, almost 
11 kg/m2, was obtained in the large farms under intensive culture, which had the highest 
overall stocking rate, 193 fingerlings/m2 and the second highest feeding rate, 0.30 kglfinger- 
ling. Within this type of culture there was  little  difference between small and medium farms, 
with the former being marginally more 'productive.'  Under extensive culture, small farms 
obtain the highest yield, 7 kg/m2, the same  as the small farms under intensive culture. By 
far the lowest yield, 2.4  kg/m2, was  that of the medium-sized ponds under extensive 
culture, which had the lowest stocking rate, 62 fingerlings/m2 and lowest feeding rate, 
0.1 1 kglfingerling. 
In general;  high yields correspond to high stocking and feeding rates. Feeding rates 
appear to compensate, within limits, for low stocking rates, as  can be seen from Table 19. 
The same yield is obtained from high stocking rates and low feeding rates as is obtained 
for lower stocking rates and higher feeding rates. This suggests the need  for a rigorous 
\ study of input substitutability in aquaculture, a topic beyond our scope here. 
In  terms of feed composition there was  a tendency among the high-yield farms to use 
proportionately more rice bran than among the low-yield  farms such as the medium and 
large farms under extensive culture and  medium farms under intensive culture. The last 
mentioned, in particular, used very little rice bran; 90% of the feed used by weight was 
40ne of the sampled farms from Suphan Buri was dropped from the economic analysis because of incomplete infor- 
mation. Table 18. Farm size:  average yield and input use in  40 catfish farms in  Suphan Buri and Nakhon Nayok, Thailand, 1979. 
Suphan Buri  Nakhon Nayok 
Item  Small  Medium  Large  Small  Medium  Large 
Sample size (farms) 
Average farm size (m2 of pond area) 
Average yield (  kglm2) 
Stocking rate (fingerlingslm2) 
Feeding rate (kglm2lcrop) 
Feedlstocking ratio (kglfingerlinglcrop) 
Feed-mix:  trashfish (% by  weight) 
rice bran (% by  weight) 
broken rice (% by  weight) 
Artificial feed (bahtlm2) 
Conversion ratio (feedlyield) 
Survival rate (%) 
Medicine (baht/m2) 
Fuel use:  (liters/m2) 
(liters1100 fingerlings) 
(liters11  00 kg  feed) 
Family labor (man-hourslm2) 
Pond investment (baht/m2) 
Investment in  facilities (baht/m2) 
Culture period (months) 
Cropping intensity (cropslyear) 
Farmers experience (years) 
Table 19. Apparent substitutability between stocking and feeding rates. 
--  --  -  -  -- 
Stocking rate  Feeding rate  Yield 




trashfish compared to only 58 to  78% by other size groups (Table 18). The mediumsized 
intensive farms had also the lowest survival rate,  1476, and among the intensive farms the 
best feed conversion ratio (apparently the high mortality occurred during the earlier stages 
of the culture period). The highest overall survival rate, 60%, was  attained by small exten- 
sive farms and the best overall feed conversion ratio, 2.76  by mediumsized extensive 
farms. Small farms under each type of culture spent more on medicine per unit area than 
other size groups under the same type of culture. Moreover, small and mediumsized farms 
under extensive culture use proportionately more fuel for water changes than the remain- 
ing groups (Table 18). 
Cost structure and profitability under intensive culture 
Variable costs as  a percentage of total costs were only slightly higher for large ponds, 
9576,  than for medium, 93%, and small farms, 92% (Table 20). However, the composition of 
variable costs differed considerably: large farms spent 82% of their variable costs on feed 
and only 8% on fry, while medium-sized farms spent only 60% on feed and 22% on fry, Table 20. Farm size:  average cost in baht1 per square meter of pond area and per kilogram of fish in 22 catfish farms in 
Suphan Buri, Thailand, 1979. 
Per m2 of pond area  Per kilogram of fish 
Cost item  small2  Medium  Large  Small  Medium  Large 
Sample size 
Average pond area  (m2/farm) 
Average yield ( kglm2) 





Medicine, chemicals, etc. 
~aintenance~ 
Interest on operating capital 
.  Total 
(Standard deviatiod4 
Fixed costs (F) 
Depreciation  of ponds 
Depreciation of facilities5 
lnterest on debt 
Total 
(Standard deviation) 
Owned inputs (opportunity costs) 
Family labor (V') 
lnterest on fixed capital (F') 





US$I  = 20.30 baht (1979). 
2  2  2'~mall'  5  less than 1,000 m2; 'medium'  between 1,000 m  and 3,000  m2; 'large'  Z  more than 3,000  m . 
31ncludes only maintenance  of buildings, machinery and equipment. Pond maintenance consisted mainly of labor costs. 
4~tandard  deviations refer to the entries immediately above them. 
5'~acilities'  include buildings, machinery and equipment (Table 13). 
Notation:  V and F refer, respectively, to variable and fixed costs which cannot be regarded as  income to be consumed 
without impairing  future operations. V' and F',  on the other hand,  refer, respectively to variable and fixed costs which 
consist of payments to owned factors of production and hence constitute net family income. 
reflecting differences in feeding rather than stocking rates. Small farms were somewhere in 
between. Average fixed costs both per unit of land and per unit of output were,  as expected, 
highest for small ponds and lowest for large ponds. Total costs/m2 of pond area were about 
equal between the large and small farms (in the range  166-171 baht), but significantly 
lower for medium-sized farms. Large farms produced catfish at the lowest cost,  15.65 baht/ 
kg, followed by medium-sized farms,  18.47 bahtlkg, with small farms being the costliest 
producers, 23.43 bahtlkg. Thus,  large farms produced catfish at  7.78 baht or 33% cheaper 
than small farms (Table 20). 
Operating profit, net income and net profit were all negative for small farms and 
positive for large farms. Medium-sized farms had positive operating profit and negative net 
income and net profit. Under these conditions we would expect small farms to cease oper- 
ating even in the short-run, medium farms to continue operating in the short-run but cease 
operations in the long-run, and large farms to continue operating in the short-run and Table 21.  Farm size: average revenues, cost and returns in  baht1 per square meter of pond area and per kilogram of fish in 
22  catfish farms in  Suphan Buri, Thailand,  1979. 
Per m2  of  pond area  Per kilogram of fish 
Cost and return item  small2  Medium  Large  Small  Medium  Large 
Sample size 
Average pond area (m2/farm) 




Variable costs (V) 
Fixed costs (F) 






Return to  land, capital and 
management 
Return to  capital and management 
Net profit6 
(Standard deviation) 
'US$I  = 20.30 baht (1979). 
2'~mall'  f  less than 1,000 m2; 'medium'  E  between 1,000 m2 and 3,000  m2; 'large'  5  more than 3,000  m2. 
3~tandard  deviations refer to  the entries immediately above them. 
40perating profit = gross revenues -  variable costs (V). 
5~et  income 5  return to  owned inputs = operating profit -  fixed costs (F). 
6~et  profit Z  return to  management = gross revenues -  total costs. 
expand operations in the long-run. While all the farms were operating at the time of the 
survey, only f  farms, mostly of large size, were planning to stay in catfish farming if the 
prevailing conditions of rising trashfish prices continue; 4 farms were uncertain, while the 
remaining 11 farms said they would be leaving the industry. 
After all costs were taken into account, small farms in Suphan Buri lost on the average 
30.45 baht/m2 stocked or 4.29  bahtlkg of fish sold; in total, they lost about 19,000 baht 
per farm or 20% of variable costs incurred. Mediumsized farms lost on the average 7.87 
baht/m2 or a total of 12,700 baht. This contrasts with large farms which earned on the 
average a net profit of 46.55/m2  or a total of 230,000  baht from a single crop of catfish. 
The return to total investment (including land) for large farms was  110.4%; as  much as 
21.4% of all receipts from the sale of the crop were net profit over and above the normal 
return to capital and the payment of all other factors of production (Table 21). 
Cost structure and profitability under extensive culture 
As  with intensive culture, variable costs as a proportion of total costs in extensive 
catfish culture are higher for larger ponds, 93%, than for small or medium, around 85%. 
In fact, this difference is larger under extensive culture because of the larger differences in 
the land area between large ponds and the medium and small categories. 
In terms of variable cost composition, there were three important differences among 
the three size groups:  (i)  the cost of fry as a percentage of variable costs was considerably 
lower for small farms,  6%, than for other size groups,  14%; (ii)  the cost of feed as  a per- Table 22.  Farm size:  average costs in  baht1 per square meter of pond area and per kilogram of fish in 18 catfish farms in 
Nakhon Nayok, Thailand, 1979. 
Cost item 
Per m2 of pond area  Per kilogram of fish 
small2  Medium  Large  Small  Medium  Large 
Sample size (farms) 
Average pnd area (m2/farm) 






Medicine, chemicals, etc. 
~aintenance~ 
lnterest on operating capital 
Total 
(Standard deviatiod4 
Fixed costs (F1 
Depreciation of pond 
Depreciation of facilities5 
Interest on debt 
Total 
(Standard deviation) 
Owned inputs (opponunity costs) 
Family labor (V') 
lnterest on fixed capital (F') 
Land use (F') 
Total 
(Standard  deviation) 
Total costs 
(Standard deviation) 
'US$I  = 20.30 baht (1979). 
2'~mall'  E  less than 1,000 m2; 'medium'  5 between 1,000  m2 and 3,000  m2; 'large'  E  more than 3,000  m2. 
31ncludes only maintenance of buildings, machinery and equipment. Pond maintenance consisted mainly of labor costs. 
4~tandard  deviations refer to the entries immediately above them. 
5'~acilities'  include buildings, machinen/ and equipment (Table 13). 
Notation:  V and F  refer respectively to variable and fixed costs which cannot be regarded as  income to be consumed 
without impairing future operations. V' and F',  on the other hand, refer respectively to variable and fixed costs which 
consist of payments to own factors of production and hence constitute net family income. 
centage of variable costs was  lower for medium farms,  51%, than for other size groups, 
76%; and (iii)  there were considerable differences among the three groups in the share of 
fuel in variable costs,  ranging from 1% for large farms,  7% for small farms,  to 24% for 
medium farms. 
When total costs per unit area were considered, small farms spent over three times the 
amount spent by medium farms and over twice that of large farms. This meant that small 
farms were the costliest producers per unit of output despite their considerably higher 
yield. A kilo of fish produced by small farms cost 17.58 baht compared to 16.96 baht by 
medium-sized farms and 13.77 baht by large farms. Both fixed and variable costs per unit 
of output decreased with the size of farm, suggesting the presence of economies of scale 
(Table 22). 
Not only did large farms have the lowest unit cost they also obtained the highest 
unit price, 20.68,  compared to only 16.97 baht by small farms and 16.1 7 by mediumsized Table 23.  Farm size:  average revenues, costs and returns in baht1 per square meter of pond area and per kilogram of fish in 
18 catfish farms in Nakhon Nayok, Thailand, 1979. 
Per m2 of pond area  Per kilogram of fish 
Cost item  small2  Medium  Large  Small  Medium  Large 
Sample size  5  7  6  5  7  6 
Average pond area (m2/farm)  692  1,749  6,757  692  1,749  6,757 




Variable costs (V)  107.35  34.50  54.84  15.2 1  14.29  12.77 
Fixed costs ( F)  8.93  3.62  2.48  1.27  1.49  0.58 
Opportunity costs of owned inputs  7.84  2.97  1.80  1.12  1.12  0.42 
Total costs  124.12  41.09  59.1 2  17.58  16.96  13.77 
(Standard deviatiod3  (76.0)  (30.3)  (60.7)  (14.3)  (23.6)  (7.1) 
Returns 
Operating profit4  12.52  4.54  34.03  1.78  1.88  7.91 
Net income5  3.59  0.92  31.55  0.51  0.39  7.33 
Return to land, capital and 
management  -1.75  -0.46  31.18  -0.25  -0.15  7.02 
Return to  capital and management  -2.22  -0.84  30.71  -0.32  -0.34  7.13 
Net profit6  -4.25  -2.05  29.75  -0.61  -0.84  6.91 
(Standard deviation)  (49.8)  (1  1.7)  (60.7)  (14.9)  (22.8)  (7.9) 
'US$I  = 20.30  baht (1979). 
2'~mall'  less than 1,000  m2; 'medium'  Z between 1,000 m2 and 3,000  m2; 'large'  Z  more than 3,000  m2. 
:standard  deviations refer to  the entries immediately above them. 
4  Operating profit = gross revenues -  variable costs (V). 
5~et  income G  return to owned inputs = operating profit -  fixed costs (F). 
6~et  profit  return to management = gross revenues -  total costs. 
farms as shown in Table 23.  (Recall that the medium-sized group obtained the lowest 
price under intensive culture also). This price-cost situation meant that all but the large 
farms incurred losses or negative net profits. Large farms earned a net profit of 6.91 bahtlkg 
of fish produced while small and medium farms have losses of 0.61 baht and 0.84  bahtkg 
of fish respectively. Large farms earned almost 30 baht/m2 of pond area over and above the 
opportunity costs of all inputs used, while small and mediumsized farms earned 4.25  baht 
and 2.05 baht/m2 below their respective opportunity costs (Table 23). This does not mean 
that small- and medium-scale farmers earned no income from fish farming or that they left 
the industry after this cropsince both  groups earned on the average positive net incomes ke., 
positive though not 'satisfactory' return to owned factors of production) and  positive 
operating profit (i.e.,  they covered their variable costs and part of the fixed costs). While 
this was the average situation, it was apparent from the relatively high standard deviations 
that there were several farms that did not cover their operating costs and they were expected 
to cease operations even in  the short-run. The most likely alternative to catfish farming is 
the culture of different fish, especially snakehead,  which requires more or less the same 
inputs and has the advantage of being less vulnerable to  the diseases prevalent in Thailand, 
though it requires a longer culture period. 
Expressing cost structure and profitability in  total quantities per farm reveals additional 
information, especially with regard to (i) total variable costs, which indicate the amount of 
operating capital or credit needed;  (ii) net family income derived from catfish farming, which 
can be compared to income from other activities; (iii)  total profits and losses;  and (iv) rates 
of return on investment. Unlike intensive culture where total variable costs increase with Table 24.  Farm size: total revenues, costs and rates of return per farm in  40 catfish farms in  Suphan 8uri and Nakhon 
Nayok, Thailand, 1979. 
Suphan 8uri  Nakhon Nayok 
Cost and return item  small1  Medium  Large  Small  Medium  Large 
Sample size (farms) 
Average pond area (m2/farm) 
Gross revenues (bahtb2 
Costs (baht) 
Variable costs (V) 
Fixed costs (F) 





Return to land, capital and 
management 
Return to  capital and management 
Net profit5 
Investment (baht) 
Capital investment (CI) 
Total investment (TI) 
Rates of return (%I 
Rate of return to  c16 
Rate of return to   TI^ 
Ratio of net profit to  variable costs (x 100)  -19.8 
Ratio of  net profit  to  gross revenues (x 100) -22.5 
l'~mall' Z  less than 1,000  m2;  'medium' f  between 1,000 and 3,000 m2; 'large'  5  more than 3,000  rn2. 
2~~$1  = 20.30 baht (1979). 
:operating  profit = gross revenues -  variable costs (V). 
4  Net farm income = operating profit -  fixed costs (F). 
5~et  profit = gross revenues -  total costs.   ate  of return to  investment = (return to  capital and managementlinvestment) x 100. 
'~eturn  to  total investment = (return to  land, capital and managementltotal investment) x 100. 
size of farm, under extensive culture medium farms had the lowest variable costs, 60,340 
baht compared to 74,286 baht by small farms and 370,554  baht by large farms. Although 
these  figures are considerably lower than those under intensive culture they are  still far 
beyond the funds and credit available to the average farmer. The operating capital require- 
ments are particularly restrictive in  the light of our finding that on the average only large 
farms with operating capital over 370,000 baht are successful (Table 24). 
Small and mediumsized farms under extensive culture (unlike those under intensive 
culture) earned positive net incomes of  2,484  baht and 1,609  baht per crop, or 2,980  baht 
on 2,076  baht per year,  respectively, based on 1.20 crops per year for small farms and 1.29 
crops per year for medium-sized  farms. These incomes, however, are very low by comparison 
to what the farmers'  resources could earn from their next best alternative employment- 
even in 1975 the average less-than-2-rai farm earned 5,733  baht (Division of Agricultural 
Economics 1979). In  contrast, recall our finding that large catfish {arms earn on the average 
213,183  baht, a multiple of the national average farming income of 10,500 baht per house- 
hold in 1975. 
In terms of  net profit, small and medium farms lost on the average 2,941  baht and Table 25.  Farmers' experience:  average yield and input  use in  40 catfish farms in  Suphan Buri  and Nakhon Nayok, Thai- 
land, 1979. 
Suphan Buri  Nakhon Nayok 
Inexperienced  Experienced  Inexperienced  Experienced 
Sample size 
Average farm size (m2 of  pond area) 
Average yield (kglm2) 
Stocking rate (fingerlings/m2) 
Feeding rate (kg/m2/crop) 
Feedlstocking ratio (kglfingerling) 
Feed-mix:  trashfish (%by weight) 
rice bran (% by  weight) 
broken rice (%  by  weight) 
Artificial feed (bahtlm2) 
Conversion ratio (feedlyield) 
Survival rate (%I 
Medicine (bahtlm2? 
Fuel use  (iitenlm2) 
(liters1100 fingerlings) 
(liters1100 kg  feed) 
Family labor (man-hourslm2) 
Pond investment (bahtlm2) 
Investment in  facilities (bahtlm2) 
Culture period (months) 
Cropping intensity (cropslyear) 
Farmers' experience (years) 
3,588  baht, respectively, and hence had a negative rate of return to capital invested; large 
farms earned over 200,000  baht per farm or a rate of return of about 150%  on total invest- 
ment (Table 24). 
THE ROLE OF EXPERIENCE 
Experience of catfish farmers was rated differently in  the two provinces. The average 
experience was 6.9  years in Suphan Buri and 2.9  years in Nakhon Nayok. In  both cases, 
the farmers were classified into two categories-inexperienced  (less than average) and ex- 
perienced (more than average). 
A different cut-off point for experience between the two locations is warranted by 
the different type and intensity of culture in the two locations (the minor overlap in stock- 
ing rates notwithstanding). In both our appraisal and that of industry representatives, the 
type of culture practiced in Suphan Buri requires far more experience (over five years 
according to inveterate farmers) than the type of culture practiced in Nakhon Nayok, 
where 3 years was considered adequate. A host of related factors explains this:  stocking 
rates, feeding rates, prevalence of disease,  learning by action versus learning from the expe- 
rience of others. 
There were 10 experienced farmers in Suphan Buri and 8 in Nakhon Nayok; inexperi- 
enced farmers numbered 12 and  10, respectively. Among the 12 experienced farmers in 
Suphan Buri, 7 had been in catfish culture for 10 to 15 years.  In Nakhon Nayok only 
1 farm had been in  the business for over 5 years.  Among the inexperienced farmers there 
was only 1 newcomer in Suphan Buri and 6 in Nakhon Nayok. 
Experience of farmer and size of farm were correlated for extensive culture. However, 
under intensive culture, the reverse was  the case.  As shown in Table 25, experienced farmers 
achieved higher yields;  the difference was  considerably larger under extensive culture. Table 26.  Farmers' experience: average cost in baht1 per square meter of pond area and per kdogram of fish in  22 catfish 
farms in Suphan Buri, Thailand, 1979. 
Cost item 
Per m2 of pond area  Per kg of fish 
lnexperienced2  Experienced  Inexperienced  Experienced 
Sample size  12  10  12  10 
Average pond area (m2/farm)  2.736  1.91 1  2,736  1.91 1 
Average yield (kg/m2)  7.41  13.25  7.41  13.25 





Medicine, chemicals, etc. 
~aintenance~ 
Interest on operating capital 
Total 
(Standard deviatiod4 
Fixed costs (F) 
Depreciation  of ponds 
Depreciation of facilities5 
Interest on debt 
Total 
(Standard deviation) 
Owned inputs (opportunity costs) 
Family labor (V')  2.65  1.56 
Interest on fixed capital (F')  2.70  1.60 
Land use (F')  0.66  0.66 
Total  6.01  3.82 
(Standard deviation)  (7.8)  (2.8) 
Total costs  151.12  172.51  20.39  13.02 
(Standard deviation)  (84.1  (1  16.1)  (3.4)  (24.7) 
US$I  = 20.30 baht (1979). 
2'lnexperienced'  E  a farmer with less than average experience (6.9 years) in catfish farming; 'experienced' E  a farmer 
with more than average experience (6.9 years) in catfish farming. 
31ncludes only maintenance of buildings, machinery and equipment. Pond maintenance consisted mainly of labor costs. 
4~tandard  deviations refer to the entries immediately above them. 
5'~acilities'  include buildings, machinery and equipment (see Table 13). 
Experienced farmers of Nakhon Nayok (extensive) stocked twice as  many fingerlings as 
inexperienced farmers, used three times as much feed per unit area and obtained over three- 
and-a-half times the yield of the latter. In contrast, experienced farmers in Suphan Buri 
(intensive) stocked fewer fingerlings and obtained almost 80% more yield per unit area than 
inexperienced farmers with the same  feeding rate. 
There was  little  difference in the composition of feed on the basis of experience except 
that experienced farmers under extensive culture used less trashfish (61%  by weight) and 
more rice bran ( 19%) than inexperienced farmers (68%  and 1255,  respectively). Experienced 
farmers in both locations achieved over 50% survival compared to 24% and 32% by inexpe- 
rienced farmers in Suphan Buri and Nakhon Nayok, respectively. Experienced farmers had 
better feed conversion ratios and their capital investments were  less.  Yet they averaged 
more crops per year.  In particular, inexperienced farmers in Nakhon Nayok cultured on the 
average only 1.10 crops per year,  compared to 2.1 3 crops by experienced farmers (Table 25). Table 27.  Farmers' experience: average cost in  baht1 per square meter of  pond  area and per kilogram of  fish in  18  catfish 
farms in  Nakhon Nayok, Thailand, 1979. 
Per m2 of pond area  Per kg  of fish 
Cost item  lnexperienced2  Experienced  Inexperienced  Experienced 
Sample size  10  8 
Average pond area (m2/farm)  1,983  4,553 
Average yield ( kg/m2)  1.54  5.43 





Medicine, chemicals, etc. 
~aintenance~ 
lnterest on operating capital 
Total 
(Standard deviation14 
Fixed costs (F) 
Depreciation of ponds 
Depreciation of facilities5 
Interest on debt 
Total 
(Standard deviation) 
Owned inputs (opportunity costs) 
Family labor (V')  1.28  0.66 
Interest on fixed capital (F')  1.36  0.93 
Land use (F')  0.47  0.47 
Total  3.1 1  2.06 
(Standard deviation)  (4.2)  (4.8) 
Total costs 
(Standard deviation) 
-  -  ---- 
'US$~  = 20.30 baht (1979). 
2'lnexperienced'  Z  a farmer with less than average experience (2.9 years) in  catfish farming; 'experienced'  5 a farmer 
with more than average experience (2.9 years) in  catfish farming. 
31ncludes only maintenance of buildmgs, machinery and equipment. Pond maintenance  consisted mainly of labor costs. 
4~tandard  deviations refer to  the entries immediately above them. 
5'~acilities'  include buildings, machinery and equipment (see Table 13). 
There was  little difference in cost structure between experienced and inexperienced 
farmers. Variable costs dominated total costs (94 to 95%J5  and feed costs dominated 
variable costs (72-79%). It is worth noting, however, that inexperienced farmers used more 
family labor. Catfish were produced 32  to 36% cheaper by experienced farmers. Cost of a 
kilo of fish produced by the latter in  either location was below 14 baht compared to over 
20 baht by inexperienced farmers (Tables 26  and 27). 
Farms owned and operated by experienced farmers were clearly more profitable than 
those owned and operated by inexperienced farmers, regardless of the type of culture. The 
gap between the two groups was wider under extensive culture because of the correlation 
between experience and farm size (Tables 28  and 29). While on the average both groups 
earned positive operating profits (allowing operations to continue over the short-run), inex- 
perienced farmers in Nakhon Nayok earned negative net incomes and negative net profits. 
'with  the exception of inexperienced farmers in Nakhon Nayok (78%), Table 28.  Farmers' experience: average revenues, costs and returns in  baht1 per square meter of pond area and per kilo- 
gram of fish in  22 catfish farms in Suphan Buri, Thailand,  1979. 
Per rn2 of pond area  Per kg of  fish 
Cost and return item  lnexperienced2  Experienced  Inexperienced  Experienced 
Sample size 
Average pond area (m21farm) 




Variable costs (V) 
Fixed  costs (F) 
Opportunity costs of owned inputs 
Total costs 
(Standard  deviationI3 
Returns 
Operating profit4  13.94  73.56  1.88  5.56 
Net income5  10.17  68.76  1.37  5.20 
Return to  land, capital and management  7.52  67.20  1.01  5.08 
Return to  capital and management  6.86  66.54  0.92  5.03 
Net profit6  4.16  64.96  0.56  5.01 
(Standard deviation)  (86.7)  (121.1)  (14.8)  (25.3) 
 US$^  = 20.30 baht (1979). 
"lnexperienced' !  a farmer with less than average experience (6.9 years) in catfish farming; 'experienced' !  a fanmer 
with more than average experience (6.9 years) in  catfish farming. 
3~tandard  deviations refer to  the entries immediately above them. 
40perating profit = gross revenues -  vanable costs (V). 
5~et  income E  return to  owned input = operating profit -  fixed costs (F). 
6~et  profit E  return to  management = gross revenues -  total costs. 
They lost on the average 4.73 baht/m2 of pond area or 3.08  bahtlkg of fish produced. In 
contrast, experienced farmers, also using extensive culture, earned a net profit of 34.59 
baht/m2 or 6.36 baht/kg of fish (Table 29). In  the case  of intensive culture, the gap was 
somewhat reduced by the fact that several inexperienced farmers had large ponds and pro- 
fited both by economies of scale and ability to obtain higher prices for their output. Inex- 
perienced farmers earned on the average a net profit of 4.16 baht/m2 of pond area and 0.56 
bahtlkg of fish, compared with 64.96 baht/m2 and 5.01  bahtlkg by  experienced farmers 
(Table 28). 
In Table 30, we  compare total profitability per farm between the two groups of 
farmers. There were significant, but not striking differences in either gross revenues or total 
costs between experienced and inexperienced farmers in Suphan Buri, since both groups 
included small,  medium and large farms.  Farms operated by experienced farmers had 
somewhat higher gross revenues, despite the lower unit price they obtained, and considerably 
lower costs than inexperienced farmers, resulting in wide profit differential between the two 
groups of farmers. Experienced farmers in  Suphan Buri averaged a net profit  of 124,000 baht, 
compared to only 11,382  baht by inexperienced farmers. The rates of return to total invest- 
ment (including  land) were 208% and  1796,  respectively. 
The revenue, cost and profit differentials between the two groups were more striking in 
Nakhon Nayok where size and experience were correlated. Experienced farmers outlayed 
6.5 times as  much per farm and earned more than 9 times as much as inexperienced farmers. 
Whereas, the former earned a net profit of 157,488 baht per farm or 178%  on investment, 
the latter incurred a loss of 9,380  baht per farm.  In other words,  experienced farmers Table 29. Farmers' experience: average revenues, costs and returns in baht1 per square meter of pond area and per kilo- 
gram of fish in 18 catfish farms in Nakhon Nayok, Thailand, 1979. 
Per m2 of pond area  Per kg of fish 
Cost and return item  lnexperienced2  Experienced  Inexperienced  Experienced 
Sample size 
Average pond area (m2/farm) 




Variable costs (V) 
Fixed costs (F) 




Operating profit4  2.20  39.40  1.42  7.24 
Net income5  -1.62  36.65  -1 .06  6.74 
Return to land, capital and management  -2.90  35.99  -1.89  6.62 
Return to capital and management  -3.37  35.52  -2.20  6.53 
Net profit6  -4.73  34.59  -3.08  6.36 
(Standard deviation)  (14.8)  (46.6)  (20.1)  (0.8) 
 US$^ = 20.30 baht (1979). 
2'lnexperienced'  a farmer with less than average experience (2.9 years) in catfish farming; 'experienced'  a farmer 
with more than average experience (2.9 years) in  catfish farming. 
3~tahdard  deviations refer to the entries immediately above them. 
40perating profit = gross revenues -  variable costs (V). 
5~et  farm income = operating profit -  fixed costs (F). 
6~et  profit = gross revenues -  total costs. 
earned a 31.8% net profit over gross revenues while inexperienced farmers incurred a net 
loss of 17.7% (Table 30). 
CONCLUSIONS ON FARM  SIZE AND EXPERIENCE 
In the preceding chapter we  found that catfish farming was  on the average  a very 
profitable economic activity, regardless of the intensity of culture. Catfish farmers averaged 
a net profit of over 60,000  baht from a single 4-month crop or 80% on capital invested in 
1979, a relatively high rate of return in comparison to  the opportunity cost of capital (15 to 
22%) at the time. From those findings one might have concluded, as  several past studies did 
from similar findings, that catfish culture is a very lucrative farming activity which can be 
easily promoted among Thai farmers. However, the relatively large standard deviations from 
these averages,  as  well as  reports of catfish farmers going out of business or switching to 
other crops, prompted us to investigate here the possibility that the high returns found were 
the result of  averaging very high returns by a few successful farms and losses by others. 
Upon breaking down the sample according to farm size and experience, we  found this to be 
the case. 
124,000  to 230,236  baht, while small farms or inexperienced farmers incurred losses of 
between 9,300  and 19,093 baht. Relatively large farms operated by inexperienced farmers 
had a moderate profit, 11,382  baht. A successful farm was typically one of large size, owned Table 30.  Farmers' experience: total revenues, costs and rates of return in baht1 per farm in 40 catfish farms in  Suphan 
Buri and Nakhon Nayok, Thailand, 1979. 
Suphan Buri  Nakhon Nayok 
Cost and return item  lnexperienced2  Experienced  Inexperienced  Experienced 
Sample size 
Average pond area (m2/farm) 
Gross revenues  424,846  453,767  52,986  495,822 
Costs 
Variable costs (V)  386,706  313,194  48,623  6,434 
Fixed costs (F)  10,315  9.1 73  7,575  12,521 
Opportunity costs of owned inputs  1  6,443  7,300  6,167  9,379 
Total costs  413,346  329,667  62,365  338.334 
Returns 
Operating profit3 
Net farm income4 
Return to land, capital and management 
Return to capital and management 
Net profit5 
l  nvestment 
Capital investment (CI) 
Total investment (TI) 
Rates of return (%) 
Rate of return to c16 
Rate of return to  TI^ 
Ratio of net profit to variable costs (x 1001 
Ratio of net profit to gross revenues (x 100) 
US$I  = 20.30 baht (1979). 
2'lnexperienced'  Z  a farmer with less than average experience; 'experienced'  f  a farmer w~th  more than average 
experience. Average experience was 6.9  years in Suphan Buri and 2.9  years in Nakhon Nayok. 
30perating profit = gross revenues -  variable costs (V). 
4~et  farm income = operating proflt -  flxed costs (F). 
5~et  profit = gross revenues -  total costs. 
%ate  of return to capital investment = (return to capital and managementlcapital ~nvestment)  x 100. 
'I~ate  of return to total investment = (return to land, capital and managementlreturn to total investment) x 100. 
and operated by an experienced farmer. Of the 22 Suphan Buri farms in the sample,  5 
large farms with over 5 years of experience were very successful,  earning net profits in 
excess of 160,000 baht from a single 4-month crop, while 11 farms, either small-to-medium 
or inexperienced had losses ranging between 13,000 baht and 470,000  baht. Of the remain- 
ing 6 farms,  mostly of medium size and of considerable experience, 5 earned moderate 
profits and 1 broke even. 
The implication of these findings is that a certain scale of operation and level of knowl- 
edge are required for a successful operation. Large-scale farmers are more likely to be full- 
time fish farmers or at least to be engaged in fish-farming-related  activities which afford 
them information and knowledge usually unavailable to small farmers. A large-scale farmer 
is more likely to be able to take risks and sustain losses until he acquires the necessary expe- 
rience for a successful operation. As  a corollary, he has more room for experimentation and 
innovation than the small farmer. Easier accessibility of credit and economies of scale in 
the purchase of inputs and sale of output are added advantages for the large-scale farmer. 
Availability of land, however,  is not the main constraint limiting the size of a catfish 
farm. The binding  factor is rather the availability of funds or credit to finance the variable 
costs of a larger operation and sustain early losses which might be correspondingly large. A second binding  constraint is the availability of the technical knowledge and skills required, 
and ability of  the average farmer to stay in business until he discovers the right formula 
through trial and error and accumulated experience. 
Farmers have been experimenting with many input combinations in their attempts to 
improve yields and reduce costs.  The yield among the surveyed farmers ranged between 
0.1 kg/m2 and 20.3  kg/m2. This raises the question as  to  what factors can account for these 
wide variations. Are farmers obtaining different yields because they are using different levels 
of input or because of varying efficiency in combining these inputs? Are farmers using 
inputs at profit-maximizing  levels by ensuring that the last unit of input yields as  much 
revenue as  it costs or are they price-inefficient? 
Some of  these issues have already been addressed superficially. A more rigorous analysis 
follows. Production Technology and Efficiency 
Four questions relating to technology and efficiency are relevant to this study:  First, 
of the many inputs used by catfish farmers, which are most significant in explaining variations 
in yield among farmers? Alternatively, what is the quantitative response of yield to  a mar- 
ginal increase of each  input while holding all other inputs constant? Second,  are there 
increasing returns to scale in the sense that output more than doubles when the level of all 
inputs is doubled? Third, how significant is the role of such factors as experience and farm 
size which, being fixed at any given point, cannot be bought on the market at least in the 
short-run?  Alternatively, are there significant differences in technical efficiency among 
farmers with different levels of experience or with different size of farm? Last, are farmers 
price-efficient  in the sense  of using input levels dictated by the relative prices and produc- 
tivities of  the inputs. A number of other interesting issues were raised in the Introduction 
to this report, such as  the degree of substitutability and interaction among inputs. These will 
not be addressed as  they require a different, more complex analytical framework than the 
one adopted here. 
ANALYTICAL FRAMEWORK:  THE COBB-DOUGLAS PRODUCTION FUNCTION 
An analytical device, the production function, is often used to answer such questions 
as those raised above. A production function is  a relationship between inputs and output. 
It  gives the maximum output obtainable with given quantities of inputs or the minimum 
amounts of various inputs necessary to produce a given level of output. In the case of catfish 
farming we  have expressed the function as follows: 
where  Y  : 








yield in kg/m2 of pond area 
number of stocked fingerlings/m2 
quantity of trashfish used in kg/m2 
quantity of broken rice used in kg/m2 
quantity of rice bran in kg/m2 
amount of fuel in kg/m2 as  a proxy variable for water quality 
chemicals and medication in baht/m2 
labor in mandays/m2 
building, machinery and equipment in baht/m2 A commonly used algebraic form of the production function (1) is the Cobb-Douglas 
function, which has some useful and convenient properties: it is linear in the logarithms of 
the variables; the estimated coefficients on the inputs give the corresponding output elas- 
ticities; and the sum of these coefficients indicates the returns to scale.  The production 
function specified above, when put in Cobb-Douglas form, is as  follows: 
where A is a constant term and bi is the 'transformation' parameter of the level of input Xi 
into Y. When put in logarithmic form (2) becomes: 
where Bn  indicates natural logarithms. 
The marginal product (MPi) of an input (Xi) indicates the change in output that results 
from a marginal change in  this input while holding all other inputs constant. It is obtained 
by taking the partial derivative of the production (4) with respect to the input: 
For 0 < bi < 1, MPi  is positive and declining with an increase in Xi and rising with an increase 
in other factors. 
The production elasticity of an input indicates the percentage change in the quantity 
of output resulting from a percentage change in the input. It is obtained by logarithmic 
differentiation of the production function with respect to  the input: 
Thus, the production elasticities of the various inputs are constant and directly obtainable 
from the production function. 
Similarly, the extent of economies of scale,  i.e.,  the percentage increase in output due 
to a percentage increase of  all inputs simultaneously,  is conveniently obtainable as  the sum 
of the estimated input coefficients: 
If  X > 1, increasing returns to scale prevail, i.e.,  output increases by a larger percentage 
than the increase of all inputs; if  X = I,  constant returns to scale prevail; and if  A < 1, 
decreasing returns to scale prevail. 
In the previous chapter considerable differences in  yields (and profits) between small 
and medium farms on the one hand, and large farms on the other, were reported. Moreover, 
experienced farmers had higher yields (and profits) than newcomers. It would be useful to 
study the role of  experience and farm size more rigorously in  the framework of the specified production function. We  do this by introducing dummy variables into the production func- 
tion to distinguish between the three size groups and two experience groups defined earlier. 
The two locations are also distinguished by a dummy variable. Thus, equation (3) becomes: 
Qn  Y = bo + bl  Qn  XI  +. .  .  + b8 Iln X8 + a1 Dl  + a2D2 + a3D3 + a4D4  (7 
where  bo  = Qn  A 
Dl  = 1 if  farm is small (<  1,000  m2  ); 
= 0  if  farm is medium (1,001 to 3,000  m2)  or large (> 3,000  m2); 
D2  = 1  if farm is large; 
= 0  if  farm is medium or small; 
D3 = 1 if  farmer has more than the average number of years of experience 
(6.9 for Suphan Buri and 2.9  for Nakhon Nayok); 
= 0  if  farmer has less than average number of years of experience; 
D4  = 1 if  farm is located in Nakhon Nayok; 
= 0  if  farm is located in Suphan Buri. 
After estimating the coefficients of equation (7) we  can derive 12 production functions 
which will differ only in  their intercept if  all the dummy variables are significant. If  only the 
farm size and experience turn out to be significant, we  may distinguish 6 different produc- 
tion functions according to  their intercepts: 
for small farms with inexperienced farmers: 
for small farms with experienced farmers: 
for medium-sized farms with inexperienced farmers: 
Iln Y  =  bo + bl  Qn  XI  + .  .  .  + b8 Qn  X8 
for medium-sized farms with experienced farmers: 
for large farms with inexperienced farmers: 
QnY  = (bo + a21 + bl  Iln XI  + .  .  .+  ba  Qn  Xa  (1  2) 
and for large farms with experienced farmers: 
Note that if  the location dummy is also significant, a4 should be added to the inter- 
cept of Nakhon Nayok farms,  in  which case we will have a total of 12 groups of farms. The 
relative magnitudes of these intercepts give a measure of the relative technical efficiency of 
farms with different location, size and level of experience: the higher the intercept the more productive the farm. Since the rest of the parameters of the production function remain the 
same among farms, a given percentage increase in  any input will increase output by the same 
proportion. This will mean a different absolute amount for each size and experience group 
depending on its intercept. 
Finally, the concept of price efficiency in input use  is introduced. Farmers have 
different levels of fixed inputs (e.g.,  farm size and location) and face certain prices of 
variable inputs. Farmers are priceefficient if  they use each variable input to  the extent that 
the added return from the last unit yields as  much value as  it would have done in the next 
best alternative use. Under competitive conditions, the inputs' value in alternative use (their 
opportunity costs) are approximated by their market prices. The condition for price efficient 
behavior, therefore, is one of equality between the value of the marginal product (the added 
return) and the price of each variable input: 
where P is the price of output. This condition may be rewritten as 
If  VMPi/Pi > 1 input i  should be increased; 
if  VMPi/Pi = 1 input i  is used efficiently; and 
if  VMPi/Pi < 1 input i  should be decreased. 
In the case of the Cobb-Douglas production function, condition (15) becomes 
EMPIRICAL FINDINGS:  ELASTICITIES, RETURNS TO SCALE AND EFFICIENCY 
Four regression models were constructed, to  compensate for the low number of degrees 
of freedom resulting from the relatively small sample size,  40 farms.  Equation (3) with 
appropriate stochastic specification (error term) was econometrically estimated using the 
ordinary least squares technique and observations from the 40 surveyed catfish farms. The 
results are reported  as  the first regression (R1) in Table 31. Of the eight explanatory variables 
used only four, namely fingerlings,trashfish,  fuel and family labor were statistically signif- 
icant at the 95% confidence level. This model could explain 70%  of the variation in yield. 
Fingerlings were the most powerful explanatory variable, followed by trashfish, the feed 
component. 
In  order to improve the explanatory power of the overall model, as well as to inves- 
tigate the role of farm size and experience, we carried out a second regression (R21, which 
involved the four significant explanatory variables of R1 plus three dummy variables, two 
for farm size and one for experience. The percentage of variation in yield explained by the 
new regression plane rose from 70%  to 74% as  indicated by the new coefficients of deter- 
mination ( Fi2 ). The coefficient of family labor ceases to be statistically significant as  does 
that on the dummy variable distinguishing between small and medium farms. The implica- 
tion of the latter is that on the basis of our data there were no substantial differences in 
productivity between small and medium-sized farms (Table 31). 
In contrast, the coefficient on the dummy variable distinguishing between large and 53 
Table 31.  Production coefficients and related statistics for a sample of 40 catfish farms in Thailand, 1979. 
R 1  R 2  R 3  R 4 
Variables  Coefficient  t-ratio  Coefficient  t-ratio  Coefficient  t-ratio  Coefficient  t-ratio 
Constant 
Fingerlings  Xi 
Trashfish  X2 
Broken rice  Xg 
Rice bran  X4 
Fuel  X5 
Treatment  X6 
Labor  x7 
Equipment  X8  . 
Small farms  Dl 
Large farms  D2 
Experience  D3 
Location  D4 
Sum of bj coefficient, 
R~ adjusted 
F-ratio 
-  Inclusion of the variable in the regression was not attempted. 
, . .  Inclusion of the variable in the regression was attempted but as  it  turned out to be statistically  insignificant at the 95% 
level it was dropped and the regression rerun yielding the reported results. 
*  Statistically significant at the 95% confidence level. 
'*  Statistically significant at the 99% confidence level. 
medium-sized farms was  positive and statistically significant at the 95% level, indicating 
that there was a  difference in productivity between large farms on the one hand and medium 
and small farms on the other. Similarly, the coefficient on the dummy variable representing 
experience indicates a significant difference in productivity between experienced and inex- 
perienced farmers. As discussed earlier, a relative measure of technical efficiency may be 
obtained by comparing the intercepts of the production functions of the significantly differ- 
ent groups.  In our case,  four groups may be distinguished: 
(i)  small and mediumsized farms,  inexperienced farmers, -1.194; 
(ii) small and medium-sized farms, experienced farmers, -0.733; 
(iii)  large farms and inexperienced farmers, -0.753; 
(iv)  large farms and experienced farmers, -0.292. 
Thus,  technically the least efficient are the small and medium farms operated by inexperi- 
enced farmers while the most efficient are large farms operated by experienced farmers. 
Small farms with experienced operators are about as efficient as large farms with less expe- 
rienced operators. These results confirm our previous findings on the role of farm size and 
experience (p. 35-48). 
As decreasing returns to scale  (A = 0.855) were found to  exist even after the intro- 
duction of experience and farm size, we  examined the possibility that variables which ap- 
peared insignificant in R1 might be significant under the new specification. Indeed, medica- 
tion and broken rice turned out to  be significant at the 99% confidence level. The introduc- 
tion of treatment alone is reported first (R3) because of its impact on the significance of 
the trashfish coefficient. There is a rather high correlation between these two variables but 
exclusion of one results in mispecification of the model. Apart from being the most impor- 
tant input in terms of costs, trashfish was the second most significant variable after finger- 
lings when introduced in a stepwise regression. 
Treatment, on the other hand,  contributed significantly to the overall explanatory power of the model, apart from being itself statistically significant. Similar comments apply 
to broken rice, which was the second most important component of feed,  being correlated 
with trashfish (some farmers use them in fixed proportions). Its inclusion in R4 caused a 
further decline in the absolute magnitude of the coefficient for trashfish and its statistical 
significance as  an explanatory variable of yield variations, while increasing the overall ex- 
planatory power of the model. In  fact, regression R4 is based on equation (8) with the statis- 
tically insignificant coefficients omitted. 
The coefficients on equipment, labor and rice bran, a third component of feed used 
for adhesiveness as  well as  for nutrition, were not significantly different from zero at any 
reasonable confidence level and were dropped from the final model reported in R4.  Location 
was  retained, despite its apparent statistical insignificance, because of its role in distinguish- 
ing between the two locations in the sample and its contribution to the overall explanatory 
power of the model. 
Regression R4 should be considered as  the final and most satisfactory result. Over 80% 
of the variation in yields has been explained by the five variable inputs and three fixed 
factors included in the model. The five variable inputs were stocking material, two types of 
feed,  fuel for water changes, and medical treatment. The fixed factors were farm size, expe- 
rience and location. The estimated production  elasticity of stocking material (fingerlings) 
indicates that 10%  increase in the number of fingerlings stocked per square meter while 
holding  all other inputs constant will increase yield by 3.94%. A similar 10% increase in 
trashfish will increase yields by 1.28%, in broken rice by 1.69%, in fuel by 1.35%  in treat- 
ment by 2.03%. The sum of all production elasticities was equal to 1.029 indicating that a 
simultaneous 10% increase in  all inputs would increase output by 10.29% which implies 
modestly increasing returns to scale. Again, small and medium farms operated by inexperi- 
enced farmers were technically the least efficient (intercept -1.134),  while large farms 
operated by experienced farmers were technically the most efficient (intercept +0.112). 
In order to study price efficiency, the marginal products (MPi) of four main inputs 
(fingerlings, trashfish, broken rice and fuel) were calculated at the geometric means. These 
marginal products were then multiplied by the output price to obtain the value of the mar- 
ginal products (VMPi). These values were then compared with the corresponding average 
pricesof these inputs (Pi) according to the criteria set out in the set equations and inequal- 
ities (16) above. The results are reported in Table 32. Any value of VMPiIPi significantly 
different from unity implies that the input is used inefficiently. All inputs except, perhaps, 
medication, were found to be used inefficiently. Too many fingerlings were stocked per unit 
area and too much trashfish was  used for feed under the prevailing input-output prices. 
In  contrast, broken rice for feed and fuel for water change were used in quantities consider- 
ably below the optimal levels for profit maximization. Thus, profits would increase if  the 
farmers were to lower stocking rates and change the composition of feed towards less trash- 
fish and more broken rice. Additional increases in profit could be expected from an  increase 
in  the quantity of fuel used, which would lead, presumably, to improved water quality. In 
fact, better water quality would result also from the other changes necessary to improve 
efficiency, particularly from the lower stocking density and the substitution of part of the 
trashfish by broken rice. Considering that farmers face a capital constraint, it might not be 
possible for them to increase the use of fuel and broken rice, unless they economize on 
their scarce capital by reducing the excessive use of fry and trashfish as our findings suggest. 
CONCLUSIONS ON INPUT USE 
A number of important results have been obtained in this analysis. The most significant Table 32. Marginal products, input prices and price efficiency in 40 catfish farms in Supi~an  Buri, Thailand, 1979. 
Regression 
(based on  Estimate  Fingerlings  Trashfish  Broken rice  Fuel  Medication 
Table 31  of  x1  x2  x3  x5  x6 
MPi  0.022  0.090  -  2.52  - 
VMPi  0.423  1.755  -  44.63  - 
R1  pi  0.936  2.350  -  4.75  - 
VMPi/Pi  0.452  0.747  -  9.40  - 
Input use  decrease  decrease  -  increase  - 
-  -- 
MPi  0.020  0.089  -  4.09 
VMPi  0.385  1.730  -  49.70 
R2  Pi  0.936  2.350  -  4.75 
VMPi/Pi  0.41 1  0.736  -  16.78 
Input use  decrease  decrease  -  increase 
MPi  0.01  7  0.051  0.982  2.95 
VMPi  0.341  0.996  19.120  57.54 
R4  pi  0.936  2.350  3.000  4.75 
VMPilPi  0.364  0.424  6.373  12.11 






MPi  =  marginal product of input i. 
VMPi  =  value of marginal product of input i (MPi x price of output). 
Pi  =  price of input i. 
inputs in catfish culture are fingerlings, trashfish, broken rice, fuel and treatment. At current 
input combinations, yield is most responsive to  Socking rates: a 10% increase in the number 
of fingerlings yields to a 4% increase in  yields. The response of the yield to increases in 
trashfish is rather weak;  larger increments in output can be obtained by increases in broken 
rice, medication and fuel. In terms of profitability, however both the stocking rate and the 
use of trashfish should be lower while the use of broken rice and treatment should increase. 
Farmers presumably would be interested in higher profits while society may be interested 
in higher yields. It is necessary to  find ways to reconcile this potential conflict of interests. 
A conflict may arise if  there exist market failures, such as  limited competition, and exter- 
nalities  which are beyond the scope of the present study. 
Another area of possible conflict between what is privately profitable and what is 
socially desirable is that only large-scale farmers with substantial capital and skills are 
successful catfish farmers. If  society is interested only in  increased production at the lowest 
cost to  the consumer, largescale farming should be promoted. If, on the other hand, devel- 
opment of additional sources of employment and income for small-scale farmers is the 
objective, ways must be found to make catfish farming less risky by providing credit and 
technical assistance to  the small farmers. Summary and Policy Implications 
The present study has focussed on four aspects of catfish farming in Thailand:  farm- 
ing practices, costs and returns, production technology and price efficiency. The role of 
intensity of culture, of farm size, and of experience in determining yield and profit was 
also explored. The main findings may be summarized as follows: 
In  the Central Plain of  Thailand, stocking rates of catfish seed,  though widely variable, 
were unusually high in comparison with the culture of other species. The most important 
component of feed was trashfish, which, despite its rising price and polluting effects, remains 
far more popular than artificial feed. The optimum  feed-mix was determined by its 'stickiness' 
and the optimum feeding rate by observation of consumption. Diseases are more common 
in catfish than other cultured species because of high stocking densities and use of decayed 
trashfish. Most farmers treated diseases with terramycin and oxytetracycline and parasites 
with formalin. The culture period was about 3 to 4 months. Most farmers financed their 
operations through loans from either banks or middlemen. 
There was  little difference in cost structure between intensive and extensive culture as 
defined by stocking rate of ponds. Variable costs accounted for over 93% of total costs. 
Feed alone accounted for over 70% of total costs, and fry for about 11%. Despite a much 
lower yield, extensive culture produced catfish at  lower average cost than intensive culture. 
Despite a higher cost per kilogram and a slightly lower price, intensiveculture farms earned 
a higher profit per unit of land area than those practicing  extensive culture because of the 
farmers' higher yields. As expected, intensive farms appear to maximize the return to land 
while extensive farms maximize the return to capital. On the average,  catfish farming was 
very profitable, yielding an average profit  of over 60,000 baht per farm for a 4-month culture 
period and a return to capital at least five times its opportunity cost, regardless of the type 
of culture. 
However,  after stratifying the sample by farm size and farmers' experience, it was 
found that average  figures were misleading because of considerable deviations from the 
mean value.  While largescale, experienced farmers earned enormous profits, small-scale 
and inexperienced farmers incurred considerable losses. 
The estimation of the production technology of catfish culture in Thailand indicated 
that the main factors explaining variation in yield among farmers were seed,  feed (especially 
trashfish and broken rice) and fuel consumption as  a proxy for water quality. Again large- 
scale and experienced farmers were technically more efficient than small-scale and inexpe- 
rienced farmers. There was no significant difference in technical efficiency between intensive 
and extensive culture. Returns to scale were nearly constant throughout. Up to 80% of the 
total variation in yield was explained; the rest could be attributed to biological and environ. 
mental factors which were not included in this study because of measurement difficulties. 
Although increasing the stocking and feeding rates would increase yield considerably, 
profitability would decline as  the use of seed and feed (trashfish) is already at inefficiently 
high levels when relative prices are considered. To increase profitability the use of broken 
rice and fuel should be increased and that of trashfish and fry decreased to the point where 
the value of their marginal contributions  equals their unit cost. Our findings point to the need for new feed formulas with due consideration of their 
productivity,side effects and relative prices and for new means to  control disease effectively. 
The farmers should be provided with a spectrum of alternative input combinations so that 
they have flexibility to alter their input mix as relative prices change. 
The higher technical efficiency of large-scale and experienced farmers points to the 
importance of scale economies, credit availability and extension. Few small-scale farmers 
can afford to stay in business until they acquire the necessary experience through trial and 
error. Given the economies of scale and social benefits from experimentation, the govern- 
ment should promote research in  experimental farms and extension. Expansion in a high 
risk-high return activity can take place easier through a reduction of risk than through an 
increase of a highly uncertain return. Moreover, a minimum scale of operations appears to 
be necessary for success. 
The price inefficiency in input use suggests that some farmers can turn their losses 
into profits and others increase their profits by simply changing their input combination 
according to relative prices, which at present dictate lower stocking densities, better water 
quality and some substitution of broken rice for trashfish.  However, given the rapidity 
with which economic conditions change,  any particular input combination recommended 
by the present or any other study would soon become obsolete. What is needed is a spec- 
trum of input combinations under alternative sets of relative prices. This is a fertile area 
for collaborative biological and economic research and for a two-way extension service 
between the farmers and the scientists. 
With regard to government policy towards catfish farmers,  the government should 
assist farmers,  especially those with small farms and little experience, to overcome the 
problems of high operating capital, insufficient knowledge and high risk arising from the 
spread of catfish diseases. Appropriate short-term credit schemes and practical research 
and effective extension on the problems of  disease,  feed-mix and water management are 
necessary if  catfish farming is to recover from its present depressed situation and expand 
to realize its full potential in Thailand. It is encouraging that the National Inland Fisheries 
Institute of the Department of Fisheries is presently conducting research on catfish diseases, 
feed improvement and water quality. Jt  is hoped that successful results obtained in labora- 
tories and experimental farms will soon be made available in  a form suitable for the benefit 
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Appendix Table 1.  Quantity and value of catfish production from the fishery and culture, Thailand, 1974-1979. 
Unit:  tons, million baht 
Fishery  Culture  Total 
Year  Quantity  Value  Quantity  Value  Quantity  Value 
Source: Department of Fisheries, Ministry of Agriculture and Cooperatives, "Fisheries Record of Thailand"  1974, 1976 
and 1979 and "Freshwater Fishery Fishfarm Production"  1979. Bangkok. 
Appendix Table 2.  Changes over time in  the structure of the catfish farming industry in  Suphan Buri, Thailand, 1967-78. 
No. of farms 
No. of ponds 
Ponds per farm 
Average pond size m2 
Total pond area  16,506  495,646  343,788  383,158 
Source:  National Inland Fisheries Institute, Suphan Buri Annual Report 1978. 
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Source:  Division of Agricultml Economics, Ministry of  Agriculture and Cooperatives. 
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